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ABSTRACT 


At  the  time  of  the  JANGLE  underground  shot  the  rate  of  progression 
of  the  underground  wave  was  measured.  In  addition,  an  attempt  was  made 
to  record  the  rate  of  expansion  of  the  fireball  and  the  point  of  break¬ 
away  of  the  shock  front  from  the  fireball. 

In  obtaining  close-in  measurements  of  blast  phenomena,  recording 
is  difficult  because  of  ionization  in  cables  produced  by  gamma  radiation 
and  electrical  differences  in  potential  set  up  by  ground  currents  pro¬ 
duced  at  the  time  of  detonation.  To  overcome  these  difficulties  and 
derive  a  suitable  system,  several  methods  were  considered,  tested,  re¬ 
jected,  or  modified,  some  as  late  as  two  weeks  before  the  blast.  Some 
of  the  methods  considered  and  rejected  were  (1)  the  V/iancko  accelero¬ 
meters  (variable  reluctance  type),  (2)  the  closed  loop  resistance  method, 
and  (3)  the  open  switch  (light  recording)  method. 

The  two  methods  finally  decided  upon  were  the  normally  closed 
thyratron  switch  and  the  normally  open  thyratron  switch.  For  the  first 
method  a  diaphram-  ctuated  switch  was  developed,  the  opening  of  which 
removed  a  fixed  bias  oil  a  thyratron  tube,  permitting  it  to  conduct.  The 
switch  for  the  second  method  was  basically  the  same  as  that  for  the  first 
except  that  the  action  of  the  diaphram  closed  the  switch  and  shorted  out 
the  bias  on  a  thyratron  tube,  causing  it  to  conduct. 

The  results  of  the  close-in  ground  measurements  showed  that,  for 
the  first  few  feet,  there  was  a  very  large  expansion  with  a  velocity  of 
the  order  of  10?  feet  per  second.  From  25  to  100  feet  the  velocity  was 
approximately  2700  feet  per  second.  During  the  second  hundred  feet  the 
average  velocity  was  reduced  to  2500  feet  per  second.  Beyond  200  feet 
the  velocity  increased  to  more  than  4000  feet  per  second. 

Although  the  time  of  arrival  data  presented  in  Figure  4.1  is  subject 
to  correction,  the  tests  have  definitely  proved  that  the  velocity  of  a 
shock  wave  traveling  through  the  earth  can  be  measured  by  using  a  closed- 
diaphram  switch  in  conjunction  with  a  thyratron-pulsing  circuit.  As 
pointed  out  in  the  body  of  this  report,  the  chronograph  employed  is 
subject  to  improvement. 


SECTION  1 


EARLY  WORK  OF  PROJECT  1.2b 


1.1  GENERAL 

Historically,  Project  1.2b  had  its  origin  in  Program  5  of  an  opera¬ 
tion  which  was  planned  to  be  conducted  in  the  Amchitka  area.  As  WIND¬ 
STORM  (Secret)  Projects  5.5a  and  5«5b  work  on  testing,  rejecting,  or 
accepting  instruments  for  the  required  test  progressed  satisfactorily  at 
the  Sandia  Corporation  'West  Lab."  Tests  were  also  made  on  various 
equipment  at  the  Coyote  Canyon  firing  range.  With  the  indefinite  post¬ 
ponement  of  the  Amchitka  operation  all  work  on  these  two  projects  ceased, 
test  equipment  and  material  that  was  borrowed  was  returned  and  all  un¬ 
delivered  orders  were  cancelled. 

Immediately  after  all  equipment  was  returned  to  Sandia  Corporation, 
word  was  received  that  the  program  had  been  reactivated.  Because  of 
limited  personnel  and  time,  a  meeting  was  called  at  Los  Alamos  in  June, 
1951,  and  Dr.  Ogle  agreed  to  take  over  Project  5.5a,  then  known  as  The 
Measurement  of  the  Rate  of  Expansion  of  the  Fireball  and  the  Point  of 
Breakaway  of  the  Shockwave  from  the  Fireball.  It  was  also  dfecided  then 
to  complete  the  abolishment  of  Program  5  and  transfer  the  remaining 
Project  5.5b  to  Program  1,  to  be  renamed  Project  1.2b.  CHRELE  Gannon 
assumed  duties  as  Project  Officer,  Project  1.2b,  and  with  the  assistance 
of  G.  R.  Hunt,  ETC,  USN  designed  and  built  equipment  for  and  completed 
project  measurements  at  the  Nevada  Test  Site. 


1.2  OBJECTIVE 


The  measurement  required  of  Project  1.2b  was  the  rate  of  progres¬ 
sion  of  the  first  underground  wave  from  zero  to  333  feet  during  the 
underground  test.  These  measurements  were  to  be  made  at  a  17-foot  depth 
which  corresponded  to  the  depth  of  burial  of  the  center  of  gravity  of 
the  weapon. 


SECTION  2 
INSTRUMENTATION 

2.1  METHOD  OF  MEASUREMENT 

Because  equipment  which  measures  the  effects  of  an  underground 
atomic  blast  should  be  designed  to  compensate  for  the  effects  caused  by 
ionization  and  ground  currents,  the  two  methods  used,  one  to  backup  the 
other,  were  derived  only  after  considerable  experimentation.  One 
method  was  the  normally  closed  thyratron  switch,  the  other  a  normally 
open  thyratron  switch.  Figure  2.1  shows  the  overall  block  diagram  of 
both  methods . 

Thirty-one  holes,  6  inches  in  diameter  and  17  feet  deep,  were 
drilled,  and  two  switches,  one  normally  closed  and  the  other  normally 
open,  were  placed  at  17-foot  and  16-foot  depths.  The  outputs  of  these 
switches  were  connected  electrically  by  RG-8/U  coaxial  cables  to  the 
inputs  of  type  2D21  thyratrons.  Excepting  Switch  1,  which  was  used  as 
a  fiducial  mark  for  both  systems,  separate  thyratron  circuits  were  used 
for  the  different  types  of  switches  to  reduce  the  possibility  of  fail¬ 
ure. 

The  thyratron  circuits  were  in  a  structure  located  350  feet  from 
the  bomb  along  the  main  blast  line.  This  structure  was  built  12  feet 
under  the  earth's  surface  to  minimize  the  possibility  that  the  thyratrons 
would  fire  prematurely  from  the  effects  of  ionization.  An  entrance  to 
the  structure  was  made  by  a  vertical  shaft  placed  adjacent  to  the  shelter. 
This  shaft  was  filled  with  sand  bags  just  prior  to  the  blast.  The  out¬ 
put  of  each  circuit  was  carried  by  8000  feet  of  RG-8/U  coaxial  cable  to 
the  8000-foot  station  and  the  camera  truck  revetment,  arxi  the  ouputs 
terminated  in  the  input  to  the  chronograph  amplifier  and  the  oscillo¬ 
graph  in  the  camera  truck. 

In  the  8000-foot  shelter  were  the  electronic-chronograph  ampli¬ 
fier  and  shaper  and  a  marker  amplifier  and  clipper  on  the  same  chassis 
to  give  reference  marks  on  the  35mm  film  of  the  chronograph;  the  Gen¬ 
eral  Radio  tuning  fork,  type  723,  to  furnish  a  1000-cycle  input  to  the 
marker;  two  externally  driven  sweep  oscillographs,  Dumont  type  250AH, 
with  marker  circuits  to  modulate  the  Z  input;  various  batteries  for 
power  and  cameras  for  recording  the  oscillographs. 

The  camera  truck  contained  a  drum  camera  for  recording  and  a  dual 
beam  ETC  oscillograph.  The  markers  for  the  oscillograph  were  obtained 
from  a  secondary  standard  oscillator  of  100  kilocycles  and  a  clipper 
marker  circuit  (Fig.  2.2).  The  signal  appeared  on  the  other  lialf  of 
the  dual  beam  tube,  and  the  action  was  photographed  by  the  rotating 
drum  camera, 
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Marker  Circuit  for  Drum  Camera 
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2.2  KETHOPS  CONSIDERED  AND  REJECTED 

1,'ethods  other  than  those  finally  selected  include  Vfiancko  acceler¬ 
ometers  (variable  reluctance  type),  the  closed  loop  resistance  method, 
and  the  open  switch  (light  recording)  method.  Of  these  the  V7iancko 
accelerometers  were  rejected  because  of  their  slow  response  time.  A 
brief  description  of  the  other  two  methods,  along  with  the  reason  for 
their  rejection  is  presented  in  the  following  sub-paragraphs. 
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2.2.1  Closed  Loop  Resistance 

This  method  employs  a  resistance  wire  placed  in  a  metal 
tube,  the  resistance  wire  being  insulated  from  the  tube.  The  fireball 
progressively  burns  the  tube,  and  the  wire  thereby  changes  the  resist¬ 
ance  against  time,  the  change  being  recorded  on  an  oscillograph.  This 
method  was  to  be  used  for  the  Amchitka  test  to  record  the  point  of 
breakaway  of  the  shock  wave  from  the  fireball.  It  was  rejected  for  the 
JANGLE  test  because  it  was  believed  that  a  1  KT  weapon  would  not  pro¬ 
duce  sufficient  heat  to  burn  the  shield  required  to  minimize  gamma 
radiation  effects.  It  was  further  believed  that  reducing  the  diameter 
of  the  tube  would  permit  the  ionization  to  short  across  the  tube. 

2.2.2  Open  Switch 

fhe  open  switch  method  consisted  of  a  fast-acting  tumb¬ 
ler  type  switch  mounted  in  a  container  and  placed  in  the  17-foot  holes. 
The  passing  shock  wave  would  cause  the  switch  to  close,  lighting  a 
neon  lamp  at  the  8000-foot  station,  the  lighting  se  iuence  to  be  record¬ 
ed  by  a  specially  constructed  moving  film  camera.  This  method  was  re¬ 
jected  because  each  of  the  32  switches  would  require  a  separate  cable, 
or  a  total  of  256,000  feet  of  cable. 


2.3  DETAILED  DESCRIPTION  OF  INSTRUMENTS  EMPLOYED 
2.3.1  Blast  Switches 

Figures  2.3  and  2.4  show  the  normally  open  diaphram- 
actuated  switch,  and  Figure  2.5  shows  the  normally  closed  switch,  which 
is  a  modification  of  the  open  switch.  These  switches  were  designed 
and  manufactured  to  give  a  fast-acting  electrical  contact.  To  elimi¬ 
nate  the  possibility  that  ground  currents  would  short  out  these  switches 
the  outer  container  and  all  wiring  was  insulated  above  ground.  The 
normally  closed  switch  was  built  after  reports  on  Operation  SANDSTONE 
were  received.  These  reports  stated  that  an  open  switch  and  thyratron 
firing  method  failed  because  ionization  shorted  out  the  switches.  How¬ 
ever,  these  switches  were  of  a  different  type  and  the  thyratrons  used 
a  high-impedance  input,  which  is  susceptible  to  being  fired  by  ioniza¬ 
tion. 

As  shown  in  Figure  2.4,  the  open  switches  can  be  adjust¬ 
ed  by  varying  the  distance  of  the  contact  from  the  diaphram.  This 
distance  was  set  with  a  micrometer  to  0.015  inch.  The  thickness  of  the 
diaphram  was  determined  by  test.  It  was  designed  to  close  the  switch 
upon  application  of  11  psi  of  which  9  psi  would  be  the  static  ground 
pressure.  After  the  switch  was  mounted  in  the  container,  the  container 
was  filled  with  transformer  oil  to  give  a  shock-wave  transfer -medium 
and  to  prevent  shorting  in  case  of  switch  leakage. 
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Figure  2.6  Laboratory  Hookup  for  Determining  Snitch  Closing  Til 
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Figure  2.5  shows  an  open  switch  modified  to  a  normally 
closed  switch.  The  center  contact  was  removed  from  the  insulator  and 
replaced  with  an  insulated  tube  to  reduce  the  diameter  of  the  hole.  A 
piece  of  stiff  piano  wire  was  brazed  to  the  diaphram,  run  through  the 
hole,  and  the  other  end  insulated  against  a  piece  of  spring  metal. 

When  the  diaphram  closes,  the  wire  pushes  against  the  spring  metal  and 
opens  the  contact.  The  mounting  and  electrical  output  remained  the 
same  as  that  for  the  open  switch. 

As  shown  in  Figure  2.6,  laboratory  tests  were  run  to 
determine  the  actuating  time  on  both  types  of  switches.  The  average 
time  fcr  the  closing  of  the  open  switch,  v/ith  varying  shock  pressures, 
was  25  microseconds.  This  time  lag  was  considered  negligible  and  will 
not  be  applied  to  the  final  results  as  a  corrective  factor.  However, 
the  tests  on  the  normally  closed  switch  showed  a  large  delay  in  clos¬ 
ing  time  which  decreased  with  an  increase  in  shock  pressure.  In  the 
laboratory  tests  the  delay  on  the  normally  closed  switch  varied  from 
6  milliseconds  from  a  tap  just  sufficient  to  close  the  switch  to  2 
milliseconds  from  an  impact  large  enough  to  wreck  the  container.  This 
correction  factor  was  not  applied  to  the  curve  shown  in  Figure  4.1 
because  the  ground  pressure  readings  taken  at  the  test  site  were  not 
available. 


2.3.2  Thyratrons 

Figures  2.4,  2.5  and  2.7  through  2.11  show  the  thyra¬ 
trons  used  during  the  test.  Two  chassis  (16  circuits  per  chassis) 
were  hooked  in  series  to  give  a  total  of  32  circuits,  or  one  circuit 
for  each  switch.  Because  there  were  two  switches  in  each  hole,  it 
became  necessary  to  use  4  chassis,  or  64  circuits.  However,  the  two 
systems  were  independent  of  each  otner  and  each  used  32  circuits. 

Figure  2.4  shows  the  thyratron  circuit  used  with  the 
open  switch.  This  circuit  uses  a  low-impedance  input  to  prevent 
ionization  at  the  switches  from  firing  the  thyratron.  Tests  indicated 
a  resistance  of  less  than  2  ohms  across  the  switch  vras  required  to  fire 
the  thyratron.  A  long  charge  time  was  purposely  built  into  the  circuit 
to  prevent  multiple  firing.  The  discharge  time  was  kept  low  because 
of  the  short  time  between  the  closing  of  each  switch.  All  32  cathodes 
were  hooked  in  parallel,  and  the  output  51-ohm  resistor  appeared  only 
in  the  last  cathode.  To  minimize  circuit  failure  in  the  event  of  tube 
failure,  two  tubes  were  used  in  each  circuit  with  separate  filament 
and  plate  supplies. 

The  circuit  used  with  the  normally  closed  switch  is  shown 
in  Figure  2.5.  The  output  circuit  is  the  same  as  in  Figure  2.4,  the 
only  difference  being  in  the  input  circuit.  The  opening  of  the  switch 
breaks  the  -22.5  volt  circuit,  and  the  charge  on  the  grid  leaks  to 
ground  through  the  500,000-ohm  grid  leak  resistor,  bringing  the  grid 
potential  to  zero  and  causing  the  tube  to  fire. 
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Reports  from  Oak  Ridge  National  Laboratories  state  that 
thyratron  tubes  are  highly  sensitive  to  ionization;  therefore  these 
circuits  were  designed,  built,  and  placed  with  extreme  care. 

2.3.3  Electronic  Chronograph  and  Associated  Circuits 

As  shown  in  Figure  2.1,  the  output  of  the  32  thyratron 
circuits  terminates  into  an  8000-foot  run  of  RG-8/U  coaxial  cable  and 
then  into  a  signal  amplifier.  The  output  of  this  amplifier  is  used  to 
furnish  sharp  pulses  of  short  duration  to  light  a  neon  lamp  placed  in 
a  recording  device  which  was  built  up  from  parts  of  a  Sandia  Corpora¬ 
tion,  interferometer  gauge  and  an  obsolete  Fastax  35-mm  recording  camera. 
Because  this  device  records  impulses  furnished  by  electronic  circuits 
as  against  time,  it  was  called  an  electronic  chronograph.  Figures 
2.12  and  2.13  show  the  signal  and  power  sides  of  this  device.  The  film 
on  this  chronograph  moves  continuously.  Its  operation  is  as  follows 
(Figure  2.14). 

A  100-foot  spool  of  35-mm  film  is  placed  on  the  unwind 
spool,  and  the  brake  is  adjusted  for  proper  unreeling,  then  run  over 
the  holding  spool,  around  the' focusing  wheel,  over  the  other  holding 
spool,  and  then  into  the  motor-operated  takeup  spool.  The  speed  of  this 
120-volt  d-c  operated  motor  is  controlled  by  the  governor  for  various 
film  recording  speeds  of  100-1000  inches  per  second.  The  NE51  neon 
lamps  are  placed  so  that  the  firing  of  the  marker  lamp  causes  markers 
to  appear  on  one  side  of  the  film  and  the  signal  lamp  to  show  a  line 
across  the  eitire  width  of  the  film.  All  electrical  connections  are 
through  the  top  of  the  device. 

The  signal  amplifier  is  shown  in  Figures  2.14,  2.15,  and  . 
2.16.  This  amplifier  was  designed  to  give  a  power  gain  sufficient  to 
light  the  neon  lamp  in  the  chronograph.  One-half  of  the  first  5670 
vacuum  tube  is  used  as  an  isolation  circuit  connected  as  a  cathode 
follower.  The  other  half  of  the  tube  is  used  as  a  standard  resistance- 
coupled  amplifier.  The  second  5670  tube  is  used  as  an  amplifier  and  a 
cathode  follower  to  isolate  the  6AQ5  tube  from  the  amplifiers.  This 
isolation  is  necessary  because  of  the  large  amount  of  grid  current 
drawn  by  the  6AQ5  tube. 

The  marker  amplifier  and  shaper  shown  in  Figures  2.14, 
2.15,  and  2.16  use  the  output  of  an  electronic  tuning  fork  and  amplify 
it  with  a  6AQ5  tube.  This  output  is  put  through  a  transformer  which 
overdrives  the  grid  of  the  first  half  of  a  5670  vacuum  tube,  clipping 
off  the  top  and  bottom  of  the  waveform.  A  resistance-capacitive 
circuit  in  the  plate  circuit  differentiates  the  waveform.  The  other 
half  of  the  tube  is  used  as  a  cathode  follower.  Only  the  positive 
half  of  the  differentiated  waveform  is  used  to  fire  the  6AQ5  tube  and 
neon  lamp.  By  overdriving  the  grid  of  the  5670  tube  it  is  possible  to 
use  this  circuit  as  a  doubler,  or  at  2000  cycles  per  second. 
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This  overall  method  (Figure  2.1)  gave  excellent  results 
during  the  test.  However,  it  is  now  apparent  that  several  improvements 
can  be  made  to  the  nornally  closed  switch  so  that  a  comprehensible  time 
delay  curve  can  be  run. 

Figure  2.17  shows  the  remote  control  circuit  of  the 
chronograph  and  amplifier.  This  circuit  used  the  -15  minute  and  -1 
second  time  signals  for  battery  and  camera  operation. 

2.3./*  Drum  Camera 

To  minimize  the  hazard  of  project  failure,  a  second 
system  was  used  in  addition  to  the  chronograph  method.  This  system 
used  open  switches,  the  2D21  thyratrons,  and  the  8000-foot  run  of  RG- 
8/U  coaxial  cable  (Figure  2.18) .  The  drum  camera  used  was  borrowed 
from  the  Naval  Proving  Ground,  Dahlgren,  Virginia,  and  consists  of  a 
rotating  drum  60  inches  in  circumference  and  4  inches  wide.  The  speed 
of  the  drum  is  variable  from  50  to  1,C00  rpm  by  varying  the  speed  of 
the  driving  motor.  The  drum  is  so  designed  that  by  closing  a  switch, 
either  locally  or  remotely,  a  spiral  gear  causes  it  to  move  axially 
across  the  lens  at  a  rate  of  one-':uarter  inch  per  revolution.  This 
gives  a  total  film  recording  distance  of  960  inches. 

The  exposure  is  by  means  of  a  solenoid-controlled  shutter, 
and  its  operation  is  from  the  same  switch  that  operates  the  spiral  gear 
mechanism.  The  camera  lens  is  a  standard  f/1.5,  with  the  focus  adjust¬ 
able  from  10  to  14  inches,  which  is  the  distance  the.  dual  beam  oscillo¬ 
graph  is  placed  from  the  camera. 

This  camera  gave  excellent  results  up  to  GOO  inches  per 
second  with  the  oscillograph  intensity  at  normal  settings  and  up  to 
1200  inches  per  second  with  intensity  setting  'high'.  Recording  re¬ 
sults  were  poor  beyond  1200  inches  per  second. 

The  overall  results  of  this  system  are  considered  to  be 
only  fair.  The  camera  was  operated  at  1000  inches  per  second  during 
the  test,  and  upon  and  after  the  closing  of  the  first  switch  the  in¬ 
tensity  of  the  signal  beam  on  the  dual  beam  oscillograph  increased 
tremendously.  This  increase  is  believed  to  be  caused  by  a  large  volt¬ 
age  introduced  into  the  signal  line.  Seventy  per  cent  of  the  closing 
times  of  the  switches  were  recorded,  but  the  expected  amplitude  and 
shape  of  the  record  is  not  present  in  the  film. 


The  original  recording  method  called  for  the  use  of  an 
externally  driven  2  (intensity)  modulated  oscillograph  having  a  sweep 
time  of  300  milliseconds.  The  only  hi$i-voltage  fast-recording  oscillo¬ 
graph  having  these  requirements  is  made  by  the  Dumont  Corporation. 
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Remote  Control  Circuit  for  Electronic  Chronograph  and  Amplifiers 


Figure  2.18  Drum  Camera  System 
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In  view  of  the  unexpected  arrival  of  the  Dumont  oscillo¬ 
graphs  it  was  decided  to  use  them  as  a  backup  method  and  to  obtain 
additional  data  on  the  first  few  switches.  One  of  these  instruments 
was  used  as  originally  planned,  and  the  other  was  used  on  the  10- 
millisecond  sweep  to  give  an  expanded  record  of  the  closing  of  the  first 
ten  switches. 

To  drive  the  sweep  externally,  a  separate  thyratron 
circuit  was  built,  an  additional  switch  installed  at  point  aero,  and 
8000  feet  of  WllOb  field  wire  used  between  the  thyratron  and  oscillo¬ 
graph.  This  layout  is  shown  in  Figure  2.1.  The  signal  input  was  taken 
off  the  same  signal  line  as  that  to  the  chronograph.  The  cameras  to 
record  the  results  were  solenoid-operated  by  the  -1  second  signal. 

Even  though  considerable  pretesting  proved  the  system  to 
be  practicable,  no  records  of  the  blast  appeared  on  the  film  of  either 
camera  when  the  film  was  developed.  This  failure  was  believed  to  be 
caused  by  synchronizing  failure  either  at  the  350-foot  station  or  in 
the  field  wire  between  the  350— foot  and  the  8000— foot  stations. 
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The  times  of  arrival  of  the  first  earth  motion  as  a  function  of 
distance,  are  given  in  tabular  form  in  Table  1  and  shown  as  a  curve  in 
Figure  4.1*  It  will  be  seen  that  for  the  first  few  feet,  there  is  a 
terrific  expansion  with  a  velocity  of  the  order  of  10 5  feet  per  second. 
As  the  underground  gas  globe  breaks  through  the  ground  surface,  relief 
is  given  to  lateral  expansion  and  the  lateral  velocity  drops  markedly. 
From  2$  to  100  feet  the  velocity  is  roughly  2700  feet  per  second.  Dull¬ 
ing  the  second  hundred  feet  there  is  a  slight  decrease  in  average  velo¬ 
city  to  2500  feet  per  second.  Beyond  200  feet  the 'velocity  increases 
to  mors  than  4000  feet  per  second. 
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TABLE  3.1 


Data  on  First  Arrival  in  Ground  at  17  Foot  Depth  on  Underground  Shot 


STATION  DISTANCE  ARRIVAL  _ BETWEEN  STATIONS _ AVERAGE 

feet  TIME  Distance  Time  Velocity  VELOCITY 

Sec  x  IQ-3  feet  Sec  x  1CT^  ft /sec  x  10^ _ 


1 

5.0 

0.05 

5.0 

0.05 

100.0 

2 

7.8 

0.1 

2.8 

0.05 

56.0 

3 

9.6 

0.2 

1.8 

0.1 

18.0 

A 

11.8 

0.3 

2.2 

0.1 

22.0 

5 

14.6 

0.4 

2.8 

0.1 

28.0 

6 

.  17.5 

0.6 

2.9  f 

0.2 

14.0 

7 

21.5 

1.6 

4.0 

1.0 

4.0 

6 

26.0 

3.1 

4.5 

1.5 

3.0 

9 

31.5 

4.2 

5.5 

1.1 

5.0  \ 

10 

39.0 

7.5 

7.5 

3.3 

2.3 

11 

50.0 

11.4 

11.0 

3.9 

2.8 

12 

53.0 

13.5 

3.0 

2.1 

1.4  > 

13 

57.0 

15.6 

4.0 

2.1 

1.9  f 

14 

62.0 

18.6 

5.0 

3.0 

1.7  I 

15 

68.0 

21.2 

6.0 

2.6 

2.3  \ 

16 

75.0 

24.0 

7.0 

2.8 

2.5 

17 

83.0 

27.0 

8.0 

3.0 

2.7 

18 

93.0 

29.4 

10.0 

.  2.4 

4.2  J 

19 

102.0 

30.0 

9.0 

0.6 

i.5  | 

20 

112.0 

32.5 

10.0 

2.5 

4.0  I 

21 

123.0 

36.5 

11.0 

4.0 

2.7  f 

22 

135.0 

40.0 

12.0 

3.5 

3.4  V 

23 

148.0 

44.3 

13.0 

4.3 

3.0  f 

24 

162.0 

49.4 

14.0 

5.1 

2.7 

25 

177.0 

51.2 

15.0 

1.8 

0.8  1 

26 

193.0 

60.0 

16.0 

8.8 

1.8>/ 

27 

213.0 

66.8 

20.0 

8.8 

2.3N 

28 

237.0 

71.2 

24.0 

3.4 

7.0 

29 

265.O 

78.7 

28.0 

7.5 

3.7  ' 

30 

297.0 

89.0 

32.0 

10.3 

3.1 

31 

333.0 

96.5 

36.0 

7.5 

4.8  J 

Ft 


2500  feet/sec  2700  feet/sec 


SECTION  4 

COHCLUSIOHS  AMD  HECOHEHDATIONS 
4.1  GENERAL  CONCLUSIONS 

Tests  have  shown  that  the  velocity  of  a  shock  wave  traveling 
through  the  earth  can  be  measured  by  using  a  closed  diaphram  switch  in 
conjunction  with  a  thyratron— pulsing  circuit,  provided  extreme  care  is 
taken  in  the  design  of  both.  The  readings  obtained  from  tests  using 
this  method  are  subject  to  correction  because  of  the  delay  in  the  open¬ 
ing  of  the  switch  contacts  after  the  diaphram  was  actuated  by  the  shock 
wave.  Because  adequate  test  equipment  was  not  available  and  because 
ihere  was  not  sufficient  time  applied  to  the  correction  factors,  test 
results  had  to  be  obtained  from  crude  laboratory  tests  (Figure  2.6)  and 
incomplete  readings  taken  with  the  drum  camera.  Time  of  arrival  data, 
based  on  the  work  of  this  project  are  given  in  Figure  4.1. 

If  more  accurate  definition  is  required  than  that  given  in  the 
corrected  time-of-arrival  curve  in  this  report,  a  program  should  be  set 
up  to  test  the  normally  closed  switch  and  obtain  definite  delay  times 
for  various  operating  pressures. 

The  use  of  a  fast-moving  35-mm  film,  which  recorded  a  flashing 
neon  lamp,  gave  excellent  results.  Like  all  prototype  models,  this 
chronograph  is  subject  to  improvement. 

Results  obtained  from  the  normally  open  switch  method  were  not 
satisfactory  because  of  the  probable  introduction  of  ionization  and/or 
transient  voltages  of  sufficient  strength  to  cause  intermittent  failure 
of  the  readings. 

A  distance  of  8000  feet  from  'blast  zero'  for  the  underground  re¬ 
cording  station  is  considered  excessive.  Any  reduction  in  distance 
would  not  only  tend  to  aid  the  logistic  problem  of  cable  but  would  help 
maintain  the  shape  of  the  pulse  and  reduce  attenuation. 


4.2  RECOMMENDATIONS  FOR  FUTURE  INSTRUMENTATION 

If  the  requirements  for  future  operations  of  this  kind  are  the 
same,  it  is  recommended  that  the  following  equipment  be  further  developed 
and  used  for  the  indicated  distances. 

4.2.1  From  Blast  Zero  to  30  Feet 

A  closed  resistance  method,  the  sequence  of  operation  to 
be  recorded  on  an  oscillograph  using  a  'raster'  method.  This  record¬ 
ing  method  has  been  developed  and  gives  excellent  results.  The  pro¬ 
curement  of  the  equipment  should  be  no  problem. 
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4.2.2  ,  From  30  to  150  Feet 

An  Improved,  normally  closed  diaphram-ope rated  switch 
using  the  same  chronograph  recording  method  discussed  in  this  repor 

1  4.2.3  From  150  to  350  Feet 


The  Wiancko  variable-reluctance  accelerometers 


at  least  50  feet  apart 
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ABSTRACT 


In  order  to  provide  data  for  correlation  with  results  of  other  test 
shots,  it  was  decided  to  measure  the  time  of  arrival  of  the  shock  wave 
at  two  points  in  free  air  along  a  line  making  an  angle  of  30°  with  the 
horizontal.  An  attempt  was  also  made  to  measure  the  peak  overpres¬ 
sure  at  the  same  two  points.  The  points  selected  were  at  approximate 
ranges  of  800  and  1200  feet  from  zero,  at  altitudes  of  400  and  600  feet 
respectively.  A  combination  of  blast  switches  and  pressure  pickups 
was  used.  Information  was  telemetered  to  a  manned  recording  station, 
using  an  FM/FM  system.  A  combination  of  oscilloscope  photography 
and  tape  recording  was  worked  out  to  provide  accurate  time  measure¬ 
ments  and  pressure  indication.  Balloons  were  used  to  suspend  the 
equipment  at  the  desired  locations,  and  Program  4  undertook  to  deter¬ 
mine  photographically  the  exact  location  of  the  pickups  as  near  as  pos¬ 
sible  to  the  time  of  arrival  of  the  wave. 

Balloon  failure  limited  the  data  obtained  on  the  surface  shot  to  the 
800  ft.  point.  On  the  underground  shot  failure  of  an  antenna  resulted  in 
a  weak  signal  from  the  800  ft.  point  so  that  only  the  blast  switch  infor¬ 
mation  is  available  for  that  location.  Arrival  time  information  was  ob¬ 
tained  from  both  types  of  pickups  at  the  1200  ft.  location.  In  neither 
case  were  the  instrument  locations  determined,  so  they  were  estimated 
from  the  balloon  positions. 

The  corrected  arrival  times  are  significantly  (12  to  16  percent) 
shorter  than  those  reported  by  Project  1.2a  using  gages  near  the 
ground. 


CHAPTER  1 


INTRODUCTION 

1.1  OBJECTIVE 

In  order  to  provide  information  on  the  energy  partition  between  the 
ground  and  air  for  surface  and  subsurface  explosions,  and  to  permit 
correlating  the  effects  of  those  explosions  on  structures  with  those  ob¬ 
served  in  air  bursts,  it  was  planned  to  make  measurements  of  the  time 
of  arrival  of  the  shock  wave  at  points  sufficiently  removed  from  the 
perturbing  influences  of  the  ground  or  test  structures  to  yield  a  “free 
air"  measurement.  To  minimize  uncertainties  with  regard  to  the  shape 
of  the  pressure  wave  it  seemed  advisable  to  use  a  combination  of  the 
direct  and  indirect  methods. 


1.2  HISTORICAL  AND  THEORETICAL 

The  whole  philosophy  of  this  project  has  been  profoundly  affected 
by  the  change  in  location  and  date  from  the  original  WINDSTORM  plan. 
In  particular,  since  it  appeared  likely  that  no  other  free  air  pressure 
measurements  were  to  be  attempted  in  WINDSTORM,  in  the  early  think¬ 
ing  reliability  was  stressed  at  the  expense  of  detailed  information,  and 
the  choice  of  equipment  was  dictated  primarily  by  consideration  of 
availability  on  a  tight  delivery  schedule.  This  project  did  not  provide 
for  time-of-arrival  data  from  a  sufficient  number  of  closely  spaced 
positions  to  permit  calculation  of  peak  overpressures  by  the  method 
employed  in  the  GREENHOUSE  Project  1.6.  The  subsequent  addition 
of  Project  1.3b  employing  rocket  smoke  trails  was  expected  to  provide 
time-of-arrival  information  at  a  large  enough  number  of  points  in  space 
to  permit  conclusions  to  be  drawn  concerning  the  symmetry  of  the 
shock  wave.  The  original  proposal  called  for  two  pairs  of  pickups  to 
be  located  vertically  one  above  the  other  so  that  in  the  event  of  failure 
of  one  of  the  telemetering  transmitters  time-of-arrival  information 
would  still  be  obtained  at  two  points,  which  would  not,  however,  be  on 
a  radial  line  from  the  explosion.  Later  it  was  felt  more  important  to 
attempt  to  correlate  the  direct  and  indirect  pressure  measurements. 
Cutting  the  pickup  locations  from  four  to  two  effected  an  appreciable 
saving  in  weight  and  also  eliminated  the  problem  of  failure  of  the  signal 
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cable  due  to  the  thermal  radiation.  The  kite  balloons  originally  selected 
for  WINDSTORM  have  rather  little  static  lift  but  perform  very  well  in 
winds  of  15  to  20  miles  an  hour.  The  change  to  the  Nevada  site  entailed 
a  loss  of  approximately  50  percent  of  the  static  lift  because  of  the  alti¬ 
tude.  To  insure  sufficient  lift  when  the  wind  fell  below  perhaps  ten 
miles  per  hour,  additional  round  rubber  balloons  of  the  type  used  in 
meteorological  work  were  employed. 


In  previous  weapons  tests  various  methods  have  been  used  to  ob¬ 
tain  information  on  the  blast  pressures  produced  in  free  air.  Because 
of  obvious  instrumental  difficulties,  in  many  cases  the  peak  pressure 
has  been  inferred  by  calculation  from  the  time  of  arrival  of  the  shock. 
This  method  was  used,  for  example,  in  Project  1.6  of  the  GREENHOUSE 
operation.  * 


An  inherent  weakness  of  this  method  is  that  it  may  lead  to  incor¬ 
rect  estimates  of  the  peak  overpressure  in  any  case  where  a  multiple 
shock  is  encountered.  For  this  reason  it  was  decided  to  attempt  to 
make  pressure  measurements  directly,  in  addition  to  time-of-arrival 
observations,  in  the  hope  of  obtaining  an  internal  check  on  the  data. 
Measurements  of  diffraction  of  shock  waves  by  Bleakney,  White  and 
Griffith^  indicate  that  if  pressure  pickups  are  located  in  baffles  placed 
parallel  to  the  direction  of  propagation  of  the  shock,  reasonable  accur¬ 
acy  can  be  attained,  provided  the  distance  to  the  edge  of  the  baffle  is  at 
least  three  to  five  times  the  baffle  thickness. 


Somewhat  arbitrarily  it  was  decided  to  make  the  measurements 
along  a  radial  line,  making  an  angle  of  30°  with  the  horizontal,  at  dis¬ 
tances  of  800  ft.  and  1200  ft.  In  contrast  to  air  bursts  or  tower  shots, 
in  the  JANGLE  shots  the  reflected  wave  was  practically  coincident  with 
the  primary  one,  and  so  there  was  no  question  of  locating  the  equipment 
above  the  triple  point.  Thus  it  was  possible  to  choose  convenient  alti¬ 
tudes  sufficient  to  be  clear  of  ground  disturbances. 

The  GREENHOUSE  Project  1.6  report  cited  above  contains  an  ex¬ 
cellent  discussion  of  the  errors  involved  in  time-of-arrival  measure¬ 
ments  and  of  the  factors  peculiar  to  atomic  explosions  which  might 


1.  Frolick,  Lt.  Col.  A.J.,  C.E.,  USA  and  personnel  from  AFSWP,  “The 

Measurement  of  Free  Air  Peak  Pressures  by  Telemetering 
from  Moored  Balloons”,  June,  1951. 

2.  Bleakney,  White  and  Griffith,  Journal  Applied  Mechanics,  Page  439, 

Dec.  1950. 
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affect  the  performance  of  the  measuring  and  telemetering  equipment. 
Because  of  the  small  yield,  the  effects  of  the  JANGLE  surface  shot  at¬ 
tributable  to  gamma  and  thermal  radiation  were  considerably  less  than 
those  encountered  at  GREENHOUSE.  Calculations  of  the  radio  attenua¬ 
tion  by  the  equations  derived  by  Foner  predicted  a  loss  of  only  2  db  for 
a  transmitter  located  800  ft.  from  zero  at  0.1  sec.  after  the  explosion. 
The  expected  temperature  rise  with  the  equipment  housed  in  an  alumi¬ 
num  container  was  quite  negligible.  Radiation  effects  were,  of  course, 
markedly  less  for  the  underground  shot.  It  was  expected  that  the  bal¬ 
loons  used  for  suspending  the  equipment  would  not  survive  the  thermal 
radiation  and  also  that  the  nylon  cords  used  for  anchoring  the  equipment 
would  melt.  Therefore,  no  provision  for  a  quick-acting  cable  release 
was  believed  necessary. 

Program  Four  undertook  to  determine  the  exact  locations  of  the 
pickups  by  photographic  methods  just  prior  to  the  shots. 


CHAPTER  2 


OPERATION  OF  SYSTEM 


2.1  INSTRUMENTATION 

The  basic  instrumentation  is  made  up  of  components  of  the  AN/DKT-3 
subminiature  telemetering  system  as  supplied  by  the  Pacific  Division  of 
Bendix  Aviation  Corp,,  North  Hollywood,  Calif.  TTP-9  pressure  gages 
in  various  ranges  were  used  with  TOL-5  subcarrier  oscillators  modu¬ 
lating  TXV-4A  frequency  modulated  transmitters.  These  have  rated 
power  outputs  of  2  watts  in  the  230  megacycle  telemetering  band.  In 
addition  to  the  pressure  pickups,  blast  switches  as  designed  by  Higgins 
of  Johns  Hopkins  University  Applied  Physics  Laboratory  were  used. 
Subcarrier  frequencies  of  5.8,  9.5  and  15.5  kc  were  used  for  the  pres¬ 
sure  gages  and  a  frequency  of  50  kc  for  the  blast  switches.  The  air¬ 
borne  transmitter  fed  a  half  wave  antenna  of  the  “skinback"  type  sus¬ 
pended  vertically  below  the  transmitter  casing.  The  pressure  pickups 
and  telemetering  gear,  with  the  exception  of  power  supply  and  antenna, 
were  housed  in  shallow  cylindrical  containers  formed  by  a  pair  of  spun 
aluminum  pie  plates  (Figure  2.1)  each  15  in.  in  diameter  and  one  in. 
deep,  sealed  around  the  edges.  The  openings  for  the  pressure  pickups 
are  located  near  the  centers  of  the  pie  plates  and  the  suspension  from 
the  balloons  was  so  arranged  that  the  flat  faces  were  parallel  to  the  di¬ 
rection  of  propagation  of  the  shock.  If,  because  of  yawing  action  in  the 
wind,  this  orientation  was  not  maintained  exactly,  the  pressure  readings 
on  the  two  sides  of  the  case  would  differ  and  it  was  expected  that  the 
true  pressure  could  be  estimated.  At  each  location  two  pressure  ranges 
were  employed  to  minimize  the  possibility  of  obtaining  off-scale  read¬ 
ings  or  readings  too  small  to  be  useful.  No  detailed  information  is 
available  concerning  the  speed  of  response  of  the  TTP-9  pressure  gages 
under  shock  conditions,  but  it  was  felt  that  this  might  be  undesirably 
slow,  particularly  in  the  low  pressure  ranges.  The  blast  switches  were 
designed  to  operate  at  pressures  of  the  order  of  two  pounds  and  give  a 
clean  indication  of  arrival  time.  A  block  diagram  of  the  airborne  unit 
is  shown  in  Figure  2.2. 

Because  of  the  rather  heavy  current  drain  of  the  transmitter  (6.3 
volts  at  0.6  amp.  and  180  volts  at  60  ma)  it  was  difficult  to  select  bat¬ 
teries  that  would  operate  the  equipment  for  two  to  three  hours  and  not 
contribute  excessive  weight.  In  the  past  special  dry  battery  packs  have 
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been  made  up,  but  the  procurement  situation  made  this  inadvisable. 
Yardney  “Silvered”  storage  batteries,  Type  20-HR-15,  were  finally 
selected  as  the  primary  source  with  a  home-made  vibrator  high  voltage 
supply  (Figure  2.3).  The  complete  power  supply  capable  of  running  the 
airborne  equipment  for  5  hours  weighs  8  pounds.  It  is  housed  in  a  cy¬ 
linder  (4  in.  dia.,  20  in.  long)  made  of  l/32  in.  aluminum  (Figure  2.4). 
This  type  of  power  supply  has  the  great  advantage  that  the  output  volt¬ 
age  (which,  of  course,  affects  transmitter  power  and  frequency)  remains 
substantially  constant  until  the  batteries  are  nearly  discharged.  Also, 
the  provision  of  a  simple  charger  eliminated  worries  about  shelf  life 
under  adverse  storage  conditions. 

The  airborne  equipment  was  suspended  below  a  pair  of  kite  balloons 
(Jalbert  Aerological  Laboratory  JX-6)  which  have  a  capacity  of  400  cu¬ 
bic  ft.  (Figure  2.5).  At  sea  level  and  20°C  temperature  one  of  these 
balloons  will  give  a  net  lift  of  9  lbs.  when  filled  with  helium.  At  the  al¬ 
titude  of  the  test  site,  about  4200  ft.  above  mean  sea  level,  this  static 
lift  decreased  to  4.5  lbs.  The  balloons,  flown  side  by  side  in  pairs, 
were  anchored  with  three  nylon  lines  in  a  pyramidal  arrangement,  with 
the  equipment  suspended  from  the  apex  of  the  pyramid  by  short  tie  wires 
to  maintain  the  orientation  oi  the  baffle  containers.  The  upwind  nylon 
line  was  tested  at  500  lbs.  and  weighs  1  lb.  per  210  ft.  The  other  two 
lines  were  tested  at  160  lbs.  and  weigh  considerably  less.  The  total 
weight  to  be  lifted  to  altitudes  of  400  and  600  ft.  respectively  is  shown 
in  Table  2.1. 
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momentarily,  additional  lift  was  furnished  with  two  rubber  meteorologi¬ 
cal  balloons,  holding  approximately  200  cu.  ft.  of  helium  each.  These 
balloons  were  attached  to  the  flying  line  between  the  kite  balloons  and 
the  apex  of  the  pyramid  (Figure  2.6). 

Signals  from  the  airborne  transmitters  were  received  on  Clarke 
Model  167E  telemetering  receivers  fed  by  simple  Yagi  antennas.  The 
composite  signals,  together  with  a  1000  cycle  timing  wave  were  re¬ 
corded  on  Ampex  Model  302  telemetering  tape  recorders.  A  block  di¬ 
agram  of  the  receiving  equipment  is  shown  in  Figure  2.7.  It  was  found 
necessary  to  use  specially  selected  tape  to  minimize  “nodule  noise." 

In  addition,  the  signal  from  the  blast  switches  was  separated  off  with  a 
high  pass  filter  (Figure  2.8)  and  displayed  on  an  oscilloscope  which  was 
photographed  with  a  moving  film  camera.  A  dual-beam  oscilloscope 
was  employed  fox  this  purpose  so  that  a  single  oscilloscope  and  camera 
was  capable  of  recording  signals  from  both  locations.  In  order  to  lose 
as  little  as  possible  of  the  speed  of  response  of  the  entire  system,  the 
telemetering  subcarrier  frequencies  were  chosen  with  somewhat  great¬ 
er  separations  than  are  conventionally  used.  Specially  designed  filters 
(Figure  2.9)  with  a  bandwidth  of  10  percent  attenuate  the  adjacent  car¬ 
rier  by  26  db.  The  original  composite  magnetic  tape  record  was  re¬ 
recorded  with  the  appropriate  filter  combinations  to  produce  individual 
records  for  each  of  the  pickups  with  a  timing  wave.  This  timing  wave 
was  modulated  with  the  zero  time  signal  (Figure  2.10).  Special  circuitry 
was  devised  for  measuring  the  time  between  successive  cycles  of  the 
subcarrier  frequencies  (see  Figures  2.11  and  2.12).  This  is  accom¬ 
plished  by  triggering  a  one-shot  multivibrator  at  a  definite  point  in  each 
cycle.  The  multivibrator  is  proportioned  so  as  to  flip  back  before  the 
end  of  the  cycle.  When  the  multivibrator  flips  back  it  starts  a  sawtooth 
which  is  cut  off  when  the  multivibrator  is  retriggered  at  the  start  of  the 
next  cycle.  Thus,  the  voltage  developed  by  the  sawtooth  is  a  measure  of 
the  difference  between  the  length  of  the  signal  cycle  and  duration  of  the 
first  phase  of  the  multivibrator  cycle.  A  condenser  is  charged  by  the 
sawtooth  and  is  “clamped"  at  the  end  of  each  cycle.  Thus,  the  voltage 
on  the  condenser  is  a  measure  of  the  incoming  subcarrier  frequency. 
This  voltage  is  displayed  on  the  oscilloscope  along  with  the  timing  wave 
(Figure  2.13)  and  the  received  signal.  The  oscilloscope  is  photographed 
with  a  moving  film  camera  so  that  it  is  easy  to  locate  the  time  of  arri¬ 
val  of  the  blast  and  to  measure  the  peak  pressure  as  indicated  by  the 
change  in  frequency. 
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2.2  SURFACE  SHOT 

The  two  telemetering  assemblies  were  supported  as  shown  in 
Figure  2. 14.  Because  the  static  lift  of  the  kite  balloons  at  the  altitude 
of  the  site  was  insufficient,  two  round  meteorological  balloons  with  ap¬ 
proximately  200  cu.  ft.  of  helium  each  were  tied  to  the  line  between  the 
kite  balloons  and  the  pickup  equipment. 

At  about  one  hour  before  shot  time  one  of  the  kite  balloons  at  the 
Assembly  2  position  burst,  releasing  the  helium.  The  weight  of  the  torn 
balloon  which  remained  tied  to  the  assembly  dragged  it  to  the  ground. 

No  results  were  obtained  from  this  position. 

Because  of  photographic  difficulties  Program  4  was  unable  to  locate 
the  instruments.  The  only  measurements  which  could  be  obtained  were 
the  positions  of  the  meteorological  balloons,  and  an  attempt  was  made 
to  estimate  the  location  of  the  instruments,  as  follows:  These  balloons 
were  tied  to  the  main  flying  line  between  the  pie  plate  and  the  kite  bal¬ 
loons  from  lines  approximately  8  ft. long.  The  length  of  line  from  the 
pie  plate  to  the  tie  point  of  the  lower  balloon  was  approximately  equal 
to  the  length  of  the  line  between  the  tie  points  of  the  two  meteorological 
balloons.  From  the  positions  of  the  round  balloons  the  line  length  be¬ 
tween  them  was  determined.  This  distance  was  assumed  to  be  the  dis¬ 
tance  between  the  pie  plate  and  the  tie  point  for  the  lower  balloon.  The 
angle  of  line  holding  the  balloon  to  the  main  line  was  estimated  and  a 
correction  added  to  the  line  length  between  the  pie  plate  and  the  lower 
balloon  tie  point.  In  this  manner  the  position  of  the  pie  plate  was  esti¬ 
mated.  The  positions  of  the  balloons  from  ground  zero  with  their  limits 
of  error  as  obtained  from  Program  4,  and  the  estimated  positions  of  the 
pickup  equipment  are  indicated  in  Table  2.2. 

Zero  time  was  obtained  from  a  "blue  box"  supplied  by  EG  and  G. 

The  uncorrected  time  of  arrival  of  the  shock  wave  at  the  Assembly 
1  point  obtained  from  the  blast  switches  was  4.5  percent  less  than  the 
time  recorded  from  the  pressure  gages,  all  of  which  agreed  with  each 
other. 

The  two  40  psi  gages  located  on  opposite  faces  of  the  "pie  plate"  at 
the  Assembly  1  position  gave  very  different  readings,  indicating  that  the 
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TABLE  2.2 


Location  of  Assembly  1,  Surface  Shot 


Assembly  1 

Vertical 

(feet) 

South 

(feet) 

West 

(feet) 

Radial  dis¬ 
tance  from 
zero  (feet) 

Bottom  of  upper 
balloon 

461  t  5 

242  t  5 

674  t  5 

850  +  10 

Bottom  of  lower 
balloon 

446  ±  5 

259  -  5 

674  ±  5 

850  t  10 

Estimated  position 
of  pickups 

427  t  15 

280  1  10 

674  ±  5 

845  ±  20 

assembly  did  not  remain  in  the  desired  orientation  with  the  axis  per¬ 
pendicular  to  the  radial  line  to  zero.  One  subcarrier  (that  indicating 
the  higher  pressure)  disappeared  6  milliseconds  after  arrival  of  the 
shock;  the  other  continued  in  operation.  It  is  believed  that  the  disap¬ 
pearance  of  the  subcarrier  re  stilted  from  the  shorting  out  of  the  sub- 
carrier  oscillator  due  to  partial  collapse  of  the  “pie  plate"  housing  un¬ 
der  the  pressure.  No  evidence  of  radio  attenuation  by  the  ionized  gases 
was  observed.  As  expected,  the  balloons  caught  fire  and  were  consumed; 
whether  the  nylon  lines  melted  or  were  parted  by  the  wind  was  not  de¬ 
termined.  The  signals  were  observed  for  nearly  30  sec.  after  the  shot, 
indicating  that  the  burning  balloons  still  acted  as  parachutes. 

The  failure  of  the  kite  balloon  could  probably  have  been  prevented 
by  a  suitable  relief  valve,  which  was  omitted  to  save  weight. 


2.3  UNDERGROUND  SHOT 

The  assemblies  of  the  telemetering  equipment  and  balloons  were 
flown  in  the  same  manner  and  at  the  same  positions  with  respect  to 
ground  zero  as  in  the  surface  shot,  except  that  more  sensitive  gages 
were  used,  as  shown  in  Figure  2.14. 

Again  Program  4  was  unsuccessful  in  locating  the  instruments,  but 
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did  furnish  the  positions  of  the  balloons.  The  positions  of  the  pie  plates 
were  estimated  in  the  same  manner  as  in  the  surface  shot.  The  posi¬ 
tions  of  the  balloons  from  ground  zero,  with  their  limits  of  error  as 
obtained  from  Program  4,  and  the  estimated  positions  of  the  pickup 
equipment  are  indicated  in  the  tables  below. 


TABLE  2.3 

Location  of  Assembly  1,  Underground  Shot 


Assembly  1 

Vertical 

(feet) 

South 

(feet) 

West 

(feet) 

Radial  dis¬ 
tance  from 
zero  (feet) 

Bottom  of  upper 
balloon 

350  4  5 

580  4  5 

257  4  5 

723  A. 

t  10 

Bottom  of  lower 
balloon 

337  t  5 

584  t  5 

256  4  5 

720  1 

:  10 

Estimated  position 
of  pickups 

317-  15 

586  i  10 

256  t  5 

713  1 

t  20 

TABLE  2.4 

Location  of  Assembly  2,  Underground  Shot 


Assembly  2 

Vertical 

(feet) 

South 

(feet) 

West 

(feet) 

Radial  dis¬ 
tance  from 
zero  (feet) 

Bottom  of  upper 
balloon 

615  -  10 

868  4  10 

530  4  10 

1190  4  20 

Bottom  of  lower 
balloon 

594  4  10 

873  4  10 

527  t  10 

1183  ±  20 

Estimated  position 
of  pickups 

565  t  20 

880  ±  15 

523  t  15 

1170  t  30 
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Due  to  an  error  in  transmitting  the  requirements  of  this  project  to 
EG  and  G,  they  made  no  provision  for  a  zero  time  signal  with  sufficient 
accuracy,  so  it  was  necessary  to  improvise  a  method  for  producing  this 
signal.  This  was  accomplished  simply  by  running  a  cable  from  the  tele¬ 
metering  station  to  ground  zero.  The  voltage  induced  in  the  cable  at 
zero  time  provided  a  good  signal. 

The  transmitting  antenna  at  the  Assembly  1  position  became  dis¬ 
connected  or  was  broken  aloft,  and  as  a  result  the  signal  at  the  teleme¬ 
tering  receiver  station  from  this  point  was  not  sufficient  to  produce 
complete  limiting  in  the  FM  receiver.  Nevertheless,  the  time  of  arri¬ 
val  recorded  from  the  blast  switches  was  easily  detected  to  within  one 
millisecond.  It  was  impossible  to  determine  any  timing  information 
from  the  pressure  gages  because  the  noise  prevented  proper  discrimi¬ 
nations  of  the  FM  subcarriers  associated  with  the  gages. 

As  in  the  surface  shot,  the  uncorrected  time  of  arrival  of  the  shock 
wave  at  the  Assembly  2  position  obtained  from  the  blast  switches  was 
4.5  percent  less  than  the  time  recorded  from  the  pressure  gages,  all  of 
which  agreed  with  each  other. 

Because  of  the  repeated  postponements  of  this  shot  the  telemeter¬ 
ing  transmitters  were  on  the  air  for  a  much  longer  time  than  anticipa¬ 
ted.  The  batteries,  however,  held  up  for  the  full  time  with  no  indication 
of  failing  signal  strength. 
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Fig.  2.2  Block  Diagram  of  Airborne  Unit 
/~UHK  L  -  €2so -A  J 


ertxr 
4  Mtftl  - 
su»£*cei  j 
BATTCRI2S 
20  HA- 15 


Awuoer 
cuofE  mm 

-cr'^o-t - r  600 


'  SO-.f' 
'ton 


ooaa.  er*h 

QO  r- 


4mfi 


4U f 


.4100* 

mom* 


111 


'  .OgM.f' 


/Moor/  Vmttro* 

*t*s 


Fig.  2.3  Airborne  Vibrator  Power  Supply  Schematic 
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Fig.  2.7  Block  Diagram  of  Ground  Station  Recording  Equipment 
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Fig.  2.8  Timing  Circuit  and  Mixer  for  Blast  Switch  Data 
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Fig.  2.12  Frequency  Discriminator  Schematic 
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Fig.  2.  13  Timing  Circuit  Used  in  Analyzing  Tape  Recordings 
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Two  blast  switches  are  used  in  series  in  each  assembly  for  each 
shot.  The  switches  are  set  to  interrupt  a  50  kc  carrier  at  1  lb.  over¬ 
pressure. 

Three  blast  gages  are  used  in  each  assembly.  Arrangement  of 
gages  is  shown  in  the  following  table.  Figures  in  table  are  maximum 
pressure  reading  for  each  gage. 


TEST 

SURFACE 

UNDERGROUND 

Assembly  1  Gage  1 

40  lbs. 

15  lbs. 

"  "  2 

40  " 

15  " 

N  It  3 

15  " 

5  ” 

Assembly  2  Gage  1 

15  lbs. 

5  lbs. 

"  "  2 

15  " 

5  ” 

It  II  ^ 

5  " 

15  " 

Fig.  2.14  Location  of  Airborne  Units 


CHAPTER  3 


ANALYSIS 


3.1  OPERATIONS 

The  records  of  the  blast  switches  and  pressure  gages  were  exam¬ 
ined  carefully  to  determine  what  caused  the  blast  switches  to  record  an 
earlier  shock  wave  arrival  time  than  did  the  gages.  The  gage  records 
showed  that  there  was  no  pressure  change  before  the  shock  arrival 
which  could  have  operated  the  blast  switches.  Closer  examination  of 
the  blast  switch  records  indicated  erratic  scaling  of  the  100  kc  scaler. 
The  entire  system  was  reassembled  when  the  equipment  was  returned 
to  Brookhaven  and  it  was  determined  that  the  only  manner  in  which  this 
could  be  repeated  was  with  a  low  line  voltage  of  approximately  95  volts. 
With  a  line  voltage  above  this  value  the  timing  systems  operated  cor¬ 
rectly  and  the  1  kc  tuning  fork  differed  from  the  1  kilocycle  obtained 
from  the  100  kc  scaled  down  by  the  two  decade  scalers  by  approximate¬ 
ly  1  cycle  per  second.  At  the  low  line  voltage  the  plate  supply  regula¬ 
tor  was  inoperative  and  the  plate  supply  voltage  was  lower  than  normal. 
The  most  likely  contributing  factors  to  the  timing  failure  were:  1)  fail¬ 
ure  of  scaler  because  of  low  B+;  2)  reduced  amplitude  of  100  kc  out  of 
oscillator. 

As  judged  by  the  behavior  of  the  oscilloscope  sweep  circuit,  the 
scalers  functioned  correctly  up  until  the  time  the  tape  recorders  were 
switched  on,  at  which  time  all  the  other  equipment  in  the  shack  and  in 
the  other  projects  using  the  same  generator  was  operating,  so  the  volt¬ 
age  may  have  dropped  as  low  as  95  due  to  line  losses,  etc.  The  decade 
scalers  used  were  of  the  type  in  which  a  binary  scale  of  16  is  fed  back 
internally  such  that  it  goes  through  its  cycle  with  only  10  input  pulses. 
At  low  line  voltage  the  scaler  may  scale  by  12,  14  or  possibly  16.  In¬ 
spection  of  the  record  shows  that  failure  of  the  first  scaler  occurred 
once  every  nine  or  ten  times,  which  accounts  satisfactorily  for  the 
timing  error.  There  is  no  evidence  of  failure  in  the  second  scaler. 

The  blast  switch  times  of  arrival  were,  therefore,  discarded  in 
favor  of  the  1  kc  tuning  fork  calibration  which  is  known  to  be  correct. 
However,  there  was  no  arrival  time  at  the  Assembly  1  position  on  the 
underground  shot  from  the  tuning  fork  method.  For  this  case  the  blast 
switch  record  was  measured  to  determine  the  number  and  distribution 
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of  scaling  errors,  and  the  apparent  arrival  time  was  corrected  accord¬ 
ingly,  making  allowance  for  the  fact  that  failures  occurring  during  the 
flyback  of  the  oscilloscope  sweep  could  not  be  seen.  The  result  agreed 
within  one  millisecond  with  the  time  obtained  by  simple  interpolation 
from  the  Assembly  2  data. 


3.2  SUMMARY  OF  RESULTS 

3.2.1  Arrival  Time  Data  , 

Table  3.1  presents  the  times  of  arrival  of  the  shock  wave  at  each 
position. 


TABLE  3.1 


Arrival  Time  Data 
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Comparison  with  Project  1.2a  and  Project  1.3b  Data 
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Table  3.2  presents  a  comparison  of  the  “free  air"  arrival  time  data 
as  determined  by  BNL  Project  1.3a  and  NOL  Project  1.3b  with  the  ar¬ 
rival  time  data  near  the  ground  as  read  from  Figures  3.5  and  3.9  of  the 
Final  Report  of  BRL  Project  1.2a-l.  The  data  furnished  by  Project 
1.3b  checks  the  measurements  of  Project  1.3a  within  the  errors  in 
estimated  positions. 

3.2.2  Pressure  Gage  Data 

Surface  shot  -  The  40  psi  and  15  psi  gages  on  one  surface  of  the 
“pie  plate"  at  the  Assembly  1  position  read  off  scale,  whereas  the40psi 
gage  on  the  other  face  indicated  a  very  low  pressure.  Therefore,  it  was 
concluded  that  the  high  readings  are  in  error  because  of  reflection 
effects. 

Underground  shot  -  The  peak  pressures  indicated  by  the  5  psi  and 
15  psi  gages  on  one  surface  of  the  “pie  plate"  at  the  Assembly  2  posi¬ 
tion  were  approximately  5  psi  and  4  psi  respectively.  The  5  psi  gage 
on  the  other  surface  indicated  approximately  5  psi  peak  pressure. 

The  behavior  of  the  gages  appears  to  be  sufficiently  variable  so 
that  little  confidence  can  be  placed  in  these  readings. 

The  records  were  examined  for  indications  of  multiple  shocks  or 
long  rise  times,  with  negative  results.  The  only  cases  in  which  a  rise 
time  was  clearly  measurable  were  those  of  a  40  psi  gage  at  845  ft. 
from  the  surface  shot  and  a  15  psi  gage  at  1170  ft.  from  the  underground 
shot.  In  both  of  these  cases  the  apparent  rise  time  (10  to  90  percent) 
was  about  2  milliseconds.  There  is  a  possibility  that  this  is  an  instru¬ 
mental  effect  since  both  of  these  gages  were  on  the  lowest  subcarrier 
frequency,  5.8  kc. 

Figures  3.1  and  3.3  are  records  of  the  blast  switch  performance 
for  the  surface  and  underground  shots  respectively.  Figures  3.2  and 
3.4  are  pressure  gage  records  after  frequency  discrimination  presented 
with  their  respective  1  kc  timing  waves  on  a  dual  beam  oscilloscope. 

3.3  CONCLUSIONS 

Lacking  accurate  data  on  the  positions  of  the  pickups,  there  is 
little  hope  of  calculating  the  free  air  pressure  using  meteorological 
data  for  the  sound  and  wind  velocities.  In  any  event,  the  locations  were 
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poorly  chosen,  so  that  the  pressure  calculations  would  not  be  very 
accurate  even  if  the  missing  data  were  available. 

Better  gages  and  better  orientation  of  the  baffles  might  have  re¬ 
sulted  in  useful  data,  but  in  general  it  is  felt  that  the  complexities  and 
expense  of  this  system  make  it  inherently  less  practical  than  other 
methods,  such  as  the  smoke  rockets.  This  is  especially  important 
when  it  is  desired  to  obtain  enough  points  to  get  a  good  curve  of  peak 
pressures  as  a  function  of  distance. 

The  discrepancy  between  the  “free  air"  arrival  times  as  meas¬ 
ured  by  Projects  1.3a  and  1.3b  (Table  3.2)  and  the  arrival  times  near 
the  ground  as  determined  by  Project  1.2a-l  is  much  too  large  to  be 
accounted  for  by  differences  in  wind  velocity.  It  is  concluded  that  the 
free  air  pressures  were  markedly  higher  than  those  measured  near 
the  ground. 


Fig.  3.2  Surface  Shot:  Assembly  1-40  psi  Gage  Record  After 
Frequency  Discrimination  of  Subcarrier  and  1  kc  Timing  Wave 


d  Shot:  Assembly  i  -  5  psi  Gage  Record  After 
lations  of  Subcarrier  and  1  kc  Timing  Wave 
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ABSTRACT 


The  pr leery  objective  of  the  experiment  vas  to  obtain  accurate 
information  leading  to  the  evaluation  of  the  peak  overpressure  In  the 
•hock  wave  as  a  function  of  distance  radially  along  the  ground  and 
vertically  above  the  event. 

The  method  employed  vas  that  of  establishing  a  smoke  rocket  trail 
grid,  high  speed  photographs  of  which  showed  the  time  of  arrival  of 
the  shock  front  at  a  measurable  distance  in  the  desired  directions. 
Knowledge  of  the  shock  velocity  thus  obtained  was  used  to  calculate  peak 
overpressure  by  substitution  in  the  Rankine-Hugonlot  relation  stating  the 
dependence  of  shock  velocity  on  peak  pressure  in  the  shock. 

Despite  the  total  loss  of  timing  records  for  the  surface  shot 
a  time  base  vas  established  using  the  time  of  arrival  results  of 
Project  1.2a-l.  As  a  result,  peak  overpressures  vere  obtained  only 
in  the  vertical  direction  for  this  event,  since  pressures  along  the 
ground  would  be  identical  to  those  of  Project  1.2a-l.  Peak  overpressures, 
both  along  the  ground  and  vertically,  vere  determined  for  the  underground 
shot. 


Based  on  existing  high  explosives  (EE)  data,  the  following  TUT 
kllotonnage  equivalents  vere  determined  for  the  10  psi  pressure  level: 


Event 

Along  the  Ground 

Vertically  Above  Zero 

Surface 

- 

1.08  KT 

Underground 

1.01  EE 

0.8l  KT 

It  is  pointed  out  in  the  report  that  these  values,  being  critically 
dependent  on  scaled  HE  data,  are  considered  by  the  authors  to  be  poor 
for  accurate  comparisons.  Obey  are  based  on  data  having  vide  scatter 
and  caution  should  be  exercised  in  making  Judgments  baaed  on  them. 

Suggestions  and  recommendations  are  made  where  necessary  throughout 
the  report  in  the  event  that  similar  tests  are  conducted  in  the  future. 
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1.1  OBJECTIVE 


The  objective  of  Project  1.3b  vas  to  determine  the  peak  pressure 
of  the  shock  nave  in  free  air  as  a  function  of  distance  both  vertically 
and  along  the  ground  from  weapons  detonated  on  and  under  the  surface  of 
the  ground.  Specifically,  this  objective  was  to  be  accomplished  by  the 
shock  velocity  method  by  measuring  shock  wave  times-of -arrival  at  mea¬ 
sured  distances  on  high  speed  motion  picture  records  of  smoke  rocket 
trail  grid  distortions  caused  by  the  shock  wave. 

1.2  HISTORICAL 


1.2.1  Refraction  of  Light 

The  phenomenon  of  refraction  of  light  on  passing  through 
the  region  occupied  by  the  shock  front  has  been  utilized  in  scientific 
laboratories  for  many  years  to  obtain  photo -shadowgrams  and  in  con¬ 
junction  with  shock-wave  detection  techniques.  On  occasion,  motion- 
picture  photographs  of  large  explosions  produced  by  conventional  military 
explosives  have  shown  rather  clearly  the  locus  of  the  expanding  shock 
front,  the  diffused  background  lighting  being  refracted  on  passing 
through  the  denser  gas  within  the  shock  front  and  detected  by  the  camera. 
The  refraction  of  the  light  reflected  from  large  objects,  such  as  trees 
and  telephone  poles  in  the  background,  has  also  been  observed,  but the 
effect  is  small,  being  proportional  to  the  strength  of  the  shock  and  the 
rate  of  decay  behind  it.  However,  frame-by-frame  examination  of  such 
photographs  has  shown  that  the  location  of  the  distortion  is  extremely 
difficult  to  detect  against  an  irregularly  shaped  background  such  as 
trees.  This  indicated  the  necessity  of  some  type  of  grid  or  regular 
background  of  considerable  dimensions.  Experiments  were  conducted  to 
determine  the  feasibility  of  such  a  grid  by  J.  F.  Moulton,  Jr.  and 
LCm  B.  T.  Slmonds  of  the  Naval  Ordnance  Laboratory. 

1.2.2  Smoke -Rocket  grid 

During  1950  an  FS  smoke-rocket  was  developed  by 
J.  F.  Moulton,  Jr.  and  LCER  B.  T.  Slmonds  at  NOL  for  use  on  Operation 
greenhouse  (see  ref  (a)).*  The  grid  formed  by  a  number  of  these 


♦All  references  will  be  found  in  the  Bibliography  appearing  at  the  end 
of  the  report. 
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smoke -rockets  launched  vertically  before  the  burst  in  a  plane  perpen¬ 
dicular  to  the  line  cf  sight  of  the  camera  and  behind  the  explosion 
center  proved  to  be  very  successful  in  obtaining  a  photographic  record 
of  the  arrival  time  of  the  shock  at  various  distances.  Refraction  of 
the  light  reflected  from  the  trails  on  passing  through  the  shock  front 
caused  the  trails  to  appear  broken  at  the  shock  front  and  hooked  Just 
behind  the  shock  front  determining  the  locus  of  the  shock  front  very 
accurately. 


1.2.3  Effect  of  Relative  Humidity  on  Rocket  Trail 

Since  the  smoke  from  the  rockets  is  obtained  by  the 
combination  of  FS  with,  the  water  vapor  in  the  air  (see  Sec.  2.1*2), 
it  was  felt  that  the  low  humidity  at  the  Nevada  Test  Site  might  reduce 
the  density  of  the  trails  seriously.  In  the  first  two  weeks  of  Sept¬ 
ember,  1951  an  experiment  was  conducted  at  the  test  site  by 
J.  F.  Moulton,  Jr.  to  determine  the  seriousness  of  this  effect.  One 
smoke-rocket  was  fired  and  photographed  under  approximately  the  same 
conditions  expected  for  the  actual  tests.  The  density  of  the  trail, 
though  reduced  somewhat,  was  observed  to  be  sufficient  for  the  nec¬ 
essary  contrast  with  background  lighting  and  the  effect  of  the  relative 
humidity  on  the  trail  was  not  considered  serious. 


1.3  BASIC  THEORY 

1.3.1  Hie  Rocket  Smoke  Trail  Method 

To  obtain  peak  overpressure  as  a  function  of  distance  the 
photo-optical  technique  described  above  is  employed  to  record  the  time 
of  arrival  of  the  shock  at  measured  distances  from  the  explosion  center. 
A  third  order  polynominal  of  the  form 

t  ■  Aq+  Ax  R  +  AgR2  +  A^R3  (t  «  time,  R  ■  distance) 

is  fitted  by  the  method  of  least  squares  to  the  data  thus  obtained. 
Differentiation  of  this  equation  gives 

dt  -  1  -  A,  +  2A_R  +  3A.R2 

correlating  shock  velocity,  U,  with  distance.  From  it  a  set  of  instant¬ 
aneous  shock  velocities  is  obtained  for  the  choeen  values  of  distance. 

In  addition  to  these  values,  a  knowledge  of  the  absolute  atmospheric 
pressure,  P0,  and  the  velocity  of  sound,  C0,  ahead  of  the  shock  is 
required  to  determine  the  peak  overpressures,  P8.  The  overpressure  is 
calculated  from  the  complete  set  of  data  by  using  the  Rankine-Hugoniot 
relation  for  shock  pressure  as  a  function  of  shock  velocity: 
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CHAPTER  2 

EXPERIMENTAL  PROCEDURE 

2.1  DETECTION  GRID 

2.1.1  Purpose 

To  follow  the  progress  of  the  shock  front  in  free  air 
photographically  a  detection  grid  is  required.  This  grid  was  formed 
by  FS  smoke  rockets,  whose  smoke  trails  reflect  the  light  produced  by 
the  explosion  and  sunlight.  The  light  from  the  grid  is  refracted  by 
the  shock  front  and  appears  distorted,  indicating  the  locus  of  the 
shock  front. 

2.1.2  The  Smoke  Rocket 

The  smoke  rocket  consists  of  a  standard  inert  5"0  Rocket 
Head  Mark  10  and  5»'0  Spin  Stabilized  Rocket  Motor  Mark  4  combination 
(see  Fig.  2.1).  The  head  is  filled  about  four-fifths  full  (10  lb)  of 
FS  (55  P«r  cent  sulfur  trioxide  and  45  per  cent  chlorosulfonic  acid). 
Three  small  metal  nibs,  covering  exit  holes  drilled  120°  apart  near 
the  base  of  the  rocket  head,  are  knocked  off  by  the  lands  in  the 
launcher  during  the  launching  phase.  Centrifugal  force  then  dispenses 
the  FS,  directed  by  scoops,  through  the  exit  holes.  Upon  combination 
with  the  water  vapor  in  the  air,  the  FS  forms  a  dense  white  trail  of 
fuming  sulfuric  and  hydrochloric  acids  which  is  fairly  persistent,  about 
2  meters  thick,  and  continues  up  to  about  3,000  ft  altitude.  Details 
of  the  development  and  test  of  the  rocket  can  be  found  in  ref  (a). 

The  single-tube  launcher  is  shown  in  Fig.  2.2. 

2.1.3  Firing  Positions 

The  smoke  trails  forming  the  grid  were  aligned  in  azimuth 
such  that  they  projected  down  the  line  of  sight  of  the  camera  stations. 
This  was  done  to  present  essentially  vertical  lines  to  the  cameras. 

The  trails  were  spaced  at  equal  intervals  as  shown  in  Figs.  2.5  and  2.6. 

2.1.4  Firing  Method 

Each  rocket  line  received  its  firing  impulse  at  -5  seconds 
through  an  EG&G  timing  relay  which  closed  a  circuit  of  llOv  AC  in  the 
rocket  line.  The  llOv  power  box  and  EG&G  relay  were  appropriately 
mounted  in  the  blast  hut  (see  Fig.  2.3).  The  rocket  line  voltage  closed 
a  number  of  power  relays  (Potter  and  Brumfield  type  MR11A),  each  con¬ 
nected  in  parallel  across  the  line,  completing  the  individual  firing 
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circuits  at  each  rocket  station  (see  Fig.  2.7).  Each  individual  rocket 
firing  circuit  consisted  of  one  power  relay  and  two  6v  BA-222/u  batteries 
in  series  with  the  contact  ring  on  the  rocket.  Hie  relay  and 
batteries  at  each  launcher  site  were  enclosed  in  a  water-tight  box. 

Hie  firing  line  extending  from  the  blast  hut  to  the 
various  launcher  sites  was  compose!  of  one  two-conductor  Romex  cable 
with  cloth  covering  around  plastic-coated  conductors.  Hie  conductors 
were  Mo.  14  gage  copper  wires.  All  cable  connections  were  made  using 
aaphenol  plugs  and  sockets  which  were  taped  with  rubber  tape  and  Scotch 
electrical  tape  to  insure  against  water  leaks.  Hie  cables  were  buried 
18  in.  below  the  ground  surface,  no  conduits  being  required. 

2.1.5  Precautionary  Measures 

Watertight  circuitry  throughout  the  firing  system  was 
maintained  by  sealing  all  amphenol  plug  connections  with  rubber  tape 
over  which  a  layer  of  Scotch  electrical  tape  was  applied.  After  load¬ 
ing,  a  special  raincoat  made  of  Koroseal  was  placed  over  the  launcher 
to  keep  rain  from  entering  the  launcher  muzzle  and  firing  box.  An 
example  of  a  rocket  launcher  ready  for  firing  may  be  seen  in  Fig.  2.4. 

To  prevent  accidental  firing  of  the  rockets  while  loading 
the  launchers,  a  padlocked  safety  jumper  switch  was  used.  The  acciden¬ 
tal  application  of  current  to  the  firing  line  was  thus  made  .impossible. 

Rocket  motors  were  stored  in  a  conventional  ammunition 
magazine  prior  to  use. 


2.2  DESCRIPTION  OF  PHOTOGRAPHIC  FACILITIES 

2.2.1  General  Equipment  Details 

Table  2.1  lists  the  details  on  the  cameras,  lenses, 
filters,  films,  etc.,  used  by  the  Sandia  Corporation  for  this  project. 

2.2.2  Camera  Positions 

Hie  bearings  and  distances  of  the  camera  stations  with 
respect  to  zero  are  shown  in  Figs.  2.5  and  2.6.  The  camera  towers  were 
25  ft  high.  Azimuthally,  all  cameras  were  aimed  through  ground  zero. 

2.3  FILM-CALIBRATION  PROCEDURE  AND  BASIC  MEASUREMENTS  FOR  PHQTOGRAM- 
METRIC  ANALYSIS 

2.3.1  Fiducial-marker  Locations 

The  space  fiducial  markers,  used  to  establish  the 
horizontal  scale  and  horizontal-vertical  orientation  of  the  film  record, 

-  8  - 


Camera  Axis  Elevated  Above  Horizontal  Level 
Camera  Axle  Depressed  Belov  Horizontal  Level 
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were  provided  by  the  Sandla  Corporation.  Details  on  the  space -Barker 
locations  are  shown  in  Figs.  2.3  and  2.6.  The  plywood  Barkers  nearest 
the  camera  station  were  k  ft  square  and  the  farthest  ones  were  6  ft 
square.  Four  tt*1  alternating  black  and  white  squares  were  painted 
on  each  Barker. 

2.3.2  Scaling 

The  fiducial  Barkers  were  placed  at  known  positions  with 
respect  to  the  camera,  thus  establishing  a  horizontal  distance  scale  in 
any  desired  plane  of  measurement.  A  vertical  scale  was  established  using 
the  fiducial  marker  geometry  together  with  a  knowledge  of  the  direction 
of  the  optical  axis  of  the  camera  and  engineering  survey  data. 

2.3.3  Film-measuring  Instruments 

A  direct-projecting  Recordak  (Model  MPE)  was  used  for  the 
distance  measurements  given  in  this  report.  The  shock  front.  Bade  discernible' 
by  the  refraction  of  light  from  the  trails  and  the  scattered  background 
light,  was  traced  frame-by-frame  on  special  drafting  vellum  to  reduce 
distortion  effects  caused  by  hualdlty.  The  enlarged  Images  were 
aeasured  to  the  nearest  0.003  in.  representing  approximately  1  ft  in  the 
plane  of  measurement. 

2.3.fc  Timing 

Timing  scales  furnished  by  the  Sandia  Corporation  on  the 
surface  shot  showed  that  Just  before  zero  time  a  power  failure  at  the 
camera  station  occurred.  The  measurements  recorded  were  useless  during 
the  period  of  interest. 

Timing  for  the  underground  shot  was  also  furnished  by  the 
Sandla  Corporation  in  the  form  of  a  string  galvanometer  record.  A  100  cps 
signal  was  recorded  on  the  same  record  showing  a  timing  pip  for  each 
frame  of  the  film  as  it  was  being  exposed.  The  position  of  each  frame 
with  respect  to  zero  time  was  aeasured  and  thus  the  speed  of  the  caaera 
and  time  of  each  frame  during  the  period  of  interest  was  determined . 

The  film  used  to  obtain  the  results  for  the  underground  event  presented 
in  Chap.  3  was  exposed  at  a  constant  rate  within  the  error  of  measure - 
aent.  The  tlae  per  frame  was  found  to  be  0.01082*73  sec.  The  accuracy 
of  this  figure  is  +  0.00003  sec.  The  maximum  error  over  the  entire 
period  of  measurement  (63  frames)  is  O.OO325  sec  (0.3  per  cent)  which  is 
considered  to  be  negligible. 

2.2*  CTSTRUMEHTATION  PERFORMANCE 

2.1*. 1  Rocket  Trail  grid 

All  but  one  rocket  fired  on  both  shots  at  the  proper  time 
and  the  one  failure  was  probably  due  to  a  faulty  motor.  This  occurred 
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on  tbs  surface  shot.  Of  the  23  rockets  that  fired,  five  failed 
to  (four  on  the  underground  shot  and  one  on  the  surface  shot). 

Although  this  was  a  large  percentage  of  failures,  the  grid  urns 
sufficient  to  extract  the  necessary  data.  Failure  of  the  rocket  launcher 
~i  to  knock  off  the  meted  nibs  covering  the  exist  holes  in  the  head 
has  been  determined  as  the  cause  for  the  rockets  not  smoking.  The 
modified  inert  heads  were  actually  at  fault  because  the  nibs  were 
recessed  too  much  with  respect  to  the  outer  surface  of  the  rocket. 

2.4.2  Cameras  and  Timing 

All  cameras  used  for  this  project  were  running  at  zero 
time  for  both  shots.  The  cameras  and  timing  for  the  surface  shot 
fluctuated  due  to  an  erratic  fluctuation  in  the  voltage  supply  and 
eventual  power  failure.  Mo  such  difficulties  were  encountered  on  the 
underground  test. 

2.4.3  Film  Exposures 

In  general,  film  exposures  were  poor.  Only  one  usable 
film  was  obtained  on  each  shot,  film  Mo.  232  on  the  surface  shot  and 
film  Mo.  285  on  the  underground  shot.  All  others  lacked  the  necessary 
contrast  or  were  overexposed.  Even  film  Mo.  232  was  overexposed  during 
the  first  0.25  sec,  during  which  time  the  shock  wave  advanced  some 
750  ft  radially. 


CHAPTER  3 


RESULTS 

3.1  SURFACE  SHOT 

At  the  photographic  station  J-2  a  power  failure  occurred  on  the 
surface  test  which  all  but  ruined  the  experiment  from  the  standpoint  of 
this  project.  Although  the  cameras  were  In  operation  throughout  the 
time  of  Interest,  their  speed  was  erratic.  This  would  have  presented 
only  minor  difficulties  In  the  analysis  had  not  the  local  primary  timing 
standard  also  failed.  If  the  timing  standard  had  been  battery-operated 
there  would  have  been  far  less  chance  of  its  failure. 

Despite  the  timing  failure  an  attempt  was  made  to  get  some  Infor¬ 
mation  from  the  films  since  the  shock  wave  could  be  seen  out  to  about 
2,000  ft  in  film  Ho.  232.  The  procedure  given  immediately  below  was 
used  to  obtain  the  time  of  arrival  of  the  shock  wave. 

3.1.1  Establishment  of  the  Time  Base 

Timing  of  the  individual  frames  of  film  Ho.  232  is  based 
on  the  Ballistic  Research  Laboratories  (BRL)  shock  wave  arrival  times 
along  the  ground,  given  in  ref  (b),  and  the  assumption  that  the  shock 
wave  is  symmetrical  radially  along  the  ground.  By  definition,  then, 
it  follows  that  the  two  sets  of  data,  those  of  the  Haval  Ordnance 
Laboratory  (HGL)  and  the  Ballistic  Research  Laboratories,  are  identi¬ 
cal  and  lead  to  the  same  pressure  results  along  the  ground. 

The  BRL  data  were  plotted  and  connected  by  a  smooth  curve 
drawn  through  the  points.  The  HOL  shock  wave  distances  (radii) 
measured  along  the  ground  were  matched  frame-by-frame  to  the  corres¬ 
ponding  distances  on  the  BRL  curve  and  the  time  or  each  frame  was  thus 
obtained.  Knowing  the  time  of  each  frame,  the  arrival  time  of  the 
shock  along  the  vertical  axis  was  established.  These  data  are  plotted 
in  Fig.  3*1  as  given  in  Table  3*1*  The  oscillations  appearing  in  the 
time  of  arrival  curve  are  the  result  of  film  speed  variation  due  to 
voltage  fluctuations  prior  to  the  power  failure  and  vibrations  set  up 
by  the  film  feed  mechanism. 

The  empirical  equation  fitted  to  the  arrival  time  data  is: 
t  «  -0.18653780  +  O.5441530OR  +  0.04845880R2  +  0.01321468R3 
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3.1.2  Meteorological  Data 

The  meteorological  data  required  to  obtain  the  desired 
pressure  results  using  the  Rankine -Hugoniot  relation  were  taken  from 
ref  (c).  These  data  were  originally  reported  by  the  Test  Site  Weather 
Station  and  were  computed  by  the  Experimental  Weather  Station  of  the 
Geophysics  Research  Division,  AFCRC.  Temperatures  and  pressures  at 
the  ground  surface  and  at  1,334  ft  above  the  surface  were  chosen  as  base 
points  to  establish  an  assumed  linear  variation  of  atmospheric  pressure 
and  sound  velocity  with  altitude.  These  values  sure  shown  in  Table  3*2. 
The  resulting  variations  of  these  values  are  shown  in  Fig.  3.2. 


TABLE  3.2 

Meteorological  Data,  Surface  Shot 


Altitude 

P0 

T 

Co 

(ft) 

(psi) 

(°c) 

(ft/sec) 

0 

12.69 

10.3 

1,106.39 

1,334 

12. Oh 

6.2 

1,100.29 

3.1.3  Peak  Overpressure  In  Free  Air  Vertically  Above  Zero 

Using  the  data  from  Table  3.1  and  Fig.  3-2,  pressures  were 
calculated  by  means  of  the  Rankine -Hugoniot  relation  for  distances 
measured  vertically  above  zero.  These  pressures  cure  listed  in  Table 

3.3  and  are  plotted  in  Fig.  3.3. 

The  pressures,  P8,  given  in  Table  3.3  apply  only  at  a 
ground  elevation  of  h,213  ft  above  mean  sea  level.  These  pressure  and 
distance  values  have  been  corrected  to  sea  level  using  the  relations 
as  found  in  ref  (e): 

R(sea  level)  -  R(test  site)  f Po(test  slte)"[ 

Lpo(sea  level  jJ 

Ps(sea  level)  *  P8(test  site)  fpo(sea  level)] 

I  P0(iest  site)  I 

where  R  ■  distance  and  Pe  *  peak  overpressure  in  shock  wave. 
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TABU  3-3 


Tree  Air  Peak  Overpressures 
Vertically  Above  Zero 

Surface  Shot 


E&HH 

(pii) 

R 

(ft) 

mmm 

800 

13.8 

1250 

7.90 

850 

13.1 

1300 

7.31 

900 

12.4 

1350 

6.51 

950 

11.7 

1400 

6.17 

1000 

11.0 

1450 

5.82 

1050 

10.4 

1500 

5-09 

1100 

9.75 

1550 

4.56 

1150 

9.11 

1600 

4.06 

1200 

8.50 

1650 

3.57 

1700 

3.09 

TABU  3.4 

Tree  Air  Peak  Overpressures  Vertically  Above  Zero 
Corrected  to  Sea  Level 

Surface  Shot 
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Assuming  the  atmospheric  pressure,  PQ,  to  be  14.7  psl  at 
sea  level  and  taking  12.69  Pel  as  measured  at  the  test  site  the  factors 
for  reducing  the  data  to  sea  level  are  0.952  for  distance  and  I.158  for 
pressure.  The  corrected  values  appear  In  Cable  3.4  and  are  plotted  in 
Pig.  3.4. 

3.1.4  TOT  Kllotonnage  Equivalent 

Reference  (d)  describes  some  small  scale  high  explosives 
tests  conducted  at  the  Naval  Ordnance  Laboratory  late  In  1950.  Pressure 
measurements  were  made  at  reduced  distances,  \  ,  along  the  ground  and 
vertically  above  spherical  1  lb  Pentolite  charges.  The  charges  were 
placed  at  charge  depths  (or  heights),  \c,  with  respect  to  the  ground 
surface  level.  By  definition 


V  ^ 

K"  to  (1375  - 


vhere  R  =*  distance  from  ground  zero 
W  ■  weight  of  charge. 

Specifically,  the  report  gives  data  for  \c  «  0,  corres¬ 
ponding  to  a  charge  center  at  the  surface,  and  \  c  «*  -0.125,  correspond¬ 
ing  to  a  charge  center  almost  1  charge  radius  above  the  ground.  The 
charge  height  of  the  surface  test  on  Operation  JANGLE  was  of  the  order 
of  \  c  -  -0.024,  based  on  a  radiochemical  equivalent  of  1.0  D.  Thus 
the  data  taken  from  the  small  scale  tests  should  bracket  those  of  the  full 
scale  test.  For  reduced  distances  (\)  vertically  above  zero  at  the 
10  psl  level  the  small  scale  tests  yield  values  of  X  ■  8.4  and  \  ■  9*2 
for  \c  *  -O.I25  and  \c  *  0  respectively,  after  a  correction  factor 
of  1.19  is  applied  to  convert  from  Pentolite  to  TNT.  The  full  scale 
test  yielded  a  corrected  pressure  of  10  psl  at  a  distance  of  1,135  ft 
above  ground  level.  Hence 

w!/3  «  JL «  1*135  .  135  lb  Vs,  if  \  ■  -0.125  for  the  nuclear  shot 
*  8.4  c 

and  *1/3.1^35  ■  123  lbV3  if  \  m  0  for  the  nuclear  shot. 

9.2  c 

The  values  of  W  are  therefore  1.23  KT  and  0.93  KT,  respectively.  An 
exact  high  explosives  comparison  for  \  c  ■  -0.024  does  not  exist  but 

the  value  of  0.93  ®  should  be  closer  to  the  true  value  since  the  nuclear 
shot  at  \  ■  -0.024  more  nearly  approximates  \  r  ■  0. 
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3.2  UNDERGROUND  SHOT 

On  the  underground  test  all  of  the  photographic  and  timing  devices 
associated  with  this  project  fur  tioned  so  that  timing  scales  could  be 
measured  in  the  prescribed  manner'.  During  the  time  of  interest,  the 
camera  in  which  film  No.  285  was  exposed  functioned  smoothly  with  the 
result  that  the  time  per  frame  was  constant  within  the  error  of  measure¬ 
ment. 


3.2.1  Shock  Wave  Measurements 

Measurements  were  made  along  the  ground  and  vertically  above 
ground  zero.  The  shock -wave -arrival  times  in  these  directions  are  given 
in  Table  3.5  and  are  plotted  in  Figs.  3.5  and  3.6. 

The  empirical  equation  fitted  to  the  arrival -time  data  along 
the  ground  was: 

t  -  -0.01167049  +  O.3162280IR  +  0.36429249R2  -  0.09933107R3 

In  order  to  obtain  a  satisfactory  fit,  two  empirical  equations  were  de¬ 
rived  for  the  arrival -time  data  vertically  above  zero.  This  was  necessary 
because  of  the  inflection  point  occurring  at  about  950  ft.  Of  these 
two  equations,  the  first  was  fitted  to  the  data  from  600  ft  to  1,000  ft; 
the  second  from  1,000  ft  to  approximately  2,000  ft.  They  were: 

(1)  t  -  -0.33554603  +  1.29906407R  -  1.19800814R2  +  0.59248555R3 

(2)  t  -  -0.66074835  +  I.64960339R  -  0.88070709R2  +  0.23719553R3 

3.2.2  Meteorological  Data 

As  on  the  surface  test,  the  change  of  atmospheric  pressure 
and  sound  velocity  was  assumed  to  be  a  linear  function  of  altitude  above 
ground  level.  The  basic  data  were  obtained,  as  before,  from  ref  (c). 

They  are  given  in  Table  3.6  and  plotted  in  Fig.  3.7. 

3.2.3  Peak  Overpressure  in  Free  Air  Along  the  Ground 

The  peak  overpressures  along  the  ground  were  calculated 
using  the  data  in  Tables  3-5  and  3*6  in  the  Rankine -Hugoniot  relation. 

The  results  are  given  in  Table  3.7  and  are  plotted  in  Fig.  3.8. 

The  pressures  given  in  Table  3.7  have  not  been  corrected 
to  mean  sea  level.  As  they  appear  in  this  table,  the  data  correspond  to 
those  from  a  charge  in  the  ground  at  a  ground  level  of  4,299  ft  above 
sea  level.  Using  the  factors  1.150  to  correct  for  pressure  and  0.954  to 
correct  for  distance,  as  found  by  using  the  relations  given  in  See.  3.1. 3, 
the  corrected  data  presented  in  Table  3.8  are  those  to  be  considered  at 
sea  level.  These  data  are  plotted  in  Fig.  3.9. 
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To  obtain  a  similar  figure  based  on  the  pressures  measured 
vertically  above  ground  zero,  recourse  must  be  made  to  ref  (d)  as  vas 
done  in  Sec.  3*1.4,  above.  For  charge  burial  depths  of  Xc  ■  0.125 
and  X  c  ■  0.250,  ref  (d)  gives  values  of  reduced  distances  vertically 
above  zero  of  8.8  and  8.2,  respectively,  for  the  10  psl  pressure  level. 
Using  the  pressure -distance  data  corrected  to  sea  level  shown  in  Fig.  3.9, 
the  pressure  does  not  quite  reach  10  psl  before  the  onset  of  the  sudden 
pressure  Increase.  The  last  measured  pressure  before  the  arrival  of 
this  rise  in  pressure  is  13*17  psl.  If  one  extrapolates  from  13.17  psl 
to  10.0  psl,  then  a  value  for  the  corrected  distance  is  found  to  be 
990  ft.  Based  on  this  value  and  the  values  of  \  obtained  from  ref  (d), 
two  values  for  V  can  be  determined  which  should  bracket  the  true  value. 

W1-/3  -  ^  *  113  lb1/3,  v  -  0.72  KT 

v1/3  -  222  -  121  1b1/3  w  -  0.89  KT 

8.2 

If  the  distance  of  1,650  ft  were  used  to  calculate  the 
TIT  equivalent,  corresponding  to  the  10  psl  pressure  level  in  the 
apparent  second  pressure  pulse,  a  riduculously  lav  figure  would  be 
obtained. 

The  apparent  inconsistency  in  the  equivalent  kilotonnage 
weights  for  the  underground  test  Till  be  treated  in  Chap.  4. 
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Tig.  3.8  Tree  Air  Overpressures  Along  tbe 
Ground  and  Vertically  Above  Zero 
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71s.  3*9  Tree  Air  Overpressures  Along  Ground  and  Vertically 
Above  Zero  Corrected  to  Sea  Level 


DI8CPBSI01  AMD  OOBCLPBIOHS 

4.1  QBBRAL  EVALUATIOH  Xft  METHOD  ASP  RESULTS 

The  shock  velocity  Method  of  determining  peak  overpressure  In 
free  air  as  a  function  of  distance  rests  on  a  firm  foundation  of  suc¬ 
cessful  results  obtained  by  many  laboratories  in  the  past.  The 
Ranklne-Hugonlot  relation,  a  theoretically  derived  equation  indicating 
the  relation  between  peak  shock  pressure  and  Instantaneous  shock 
velocity,  is  based  on  the  reasonable  primary  assumptions  of  conservation 
of  mass,  momentum,  and  energy  across  the  shock  front.  The  utilization 
of  the  relation,  however,  can  lead  to  serious  erroneous  conclusions  if 
strict  adherence  to  the  rules  governing  its  validity  is  neglected.  The 
outstanding  difficulty  encountered  when  using  the  shock  velocity  method 
on  tests  sachas  are  reported  here  stems  from  lack  of  information  con¬ 
cerning  the  actual  direction  of  propagation  of  the  shock  front.  This 
is  particularly  true  in  the  case  of  an  underground  event.  Tine-of- 
arrlval  measurements  must  be  made  only  in  the  direction  of  shock 
propagation  unless  the  angle  between  the  line  in  which  measurements 
are  made  and  the  direction  of  propagation  is  known. 

4.1.1  Validity  of  Assumptions 

Before  the  tests  were  conducted  it  was  assumed  that  the 
front  of  the  shock  wave  for  both  testa  would  move  in  a  radial  direction 
parallel  to  the  ground  in  the  immediate  vicinity  of  the  ground  surface 
and  also  parallel  to  a  line  extended  vertically  above  ground  zero.  Only 
in  these  directions  were  time-of -arrival  measurements  made.  Spherical 
symmetry  of  the  shock,  such  as  is  observed  on  a  high  altitude  air  burst, 
could  not  be  assumed  on  the  basis  of  past  experiences  with  HE  charges 
mounted  in  similar  positions. 

As  can  be  seen  in  Figs.  4.1  through  4.6,  the  original 
assumptions  concerning  the  direction  of  shock  propagation  are  perfectly 
valid  except,  possibly,  for  very  short  radial  distances  along  the 
ground  for  the  underground  test.  The  photographs  for  this  shot  indi¬ 
cate  that  the  shock  was  nearly  spherical  out  to  about  200  ft,  and  the 
shock  front  was  definitely  at  an  angle  with  the  ground  surface  other  than 
90°.  Any  results  in  this  region  based  on  the  velocity  method  should  be 
treated  cautiously. 

4.1.2  Suitability  of  smoke  Rocket  Trail  Grid 

Aside  from  the  fact  that  several  of  the  rockets  failed 
to  smoke,  ii;  was  apparent  that  two  improvements  would  be  desirable  in 
any  similar  future  test.  In  Figs.  4.1  through  4.6  it  will  be  observed 
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that  directly  behind  the  burst  there  are  no  rocket  trails.  They  were 
purposely  emitted  In  this  region  because  the  refraction  effect  is  not 
discernible  along  a  radial  line  from  the  explosion  center.  It  would 
hare  helped  substantially,  however.  If  the  gap  In  the  smoke  grid  had 
been  — ' In  this  region.  The  second  suggested  Improvement  Is 
somewhat  similar  to  the  first.  The  spacing  between  all  the  grid  lines 
Should  be  — 1 if  measurements  along  the  ground  are  to  be  made.  In 
the  present  instance,  the  trails  provided  only  a  guide  to  the  location 
of  the  shock  wave  at  the  point  of  ground  Intersection  except  where  the 
line  Of  sight  from  the  camera  to  the  shock  included  a  trail  directly 
beyond  the  shock.  At  other  points  along  the  ground  the  shock  was 
barely  strong  enough  to  refract  scattered  background  light.  Bad  the  , 
weapon  been  larger  (the  shock  wave  stronger)  neither  of  the  difficulties 
encountered  would  have  been  met. 

Generally  speaking,  however,  the  rocket  trail  grid  Is 
considered  suitable  for  tests  similar  to  those  herein  reported. 

4.1.3  Suitability  of  Cameras,  Film,  and  Photographic  Techniques 

Camera  equlpstent  and  films  used  were  satisfactory  but  the 
results.  In  general,  were  poor.  All  films  were  overexposed  during  the 
first  few  tenths  of  a  second  after  zero  time  on  the  surface  event.  The 
equipment  used  to  obtain  the  pictures  was  similar  to  that  used  on 
Operation  flwsumga  where  decidedly  better  film  records  were  obtained. 

Timing  records  were  a  complete  failure  for  the  surface 
event  but  were  successful  for  the  underground  event.  As  mentioned 
earlier.  Sec.  3«1>  there  would  have  been  less  chance  of  a  timing  failure 
if  the  local  primary  timing  standard  had  been  battery-operated.  Timing 
for  each  camera,  rather  than  group  timing  for  many  cameras  on  a  single 
record.  Is  advocated  by  the  authors.  Otherwise,  back-up  installations 
lose  half  of  their  value  before  operation  is  begun. 

Films  and  timing  records  were  submitted  to  the  Haval 
Ordnance  Laboratory  for  analysis  following  an  undue  delay.  In  par¬ 
ticular,  the  records  for  the  underground  event  were  evidently  measured 
by  same  other  group  before  being  submitted,  contrary  to  a  specific 
request  for  the  unscratched  original  films.  This  made  the  analysis 
very  difficult.  Figures  4.4  through  4.6  show  numerous  scratches  which 
were  found  present  in  the  film  only  in  the  region  of  Interest. 

4.1.4  Free  Air  Peak  Overpressure  Vertically  Above  Zero,  Surface 

Shot  ” 

The  corrected  free  air  peak  overpressures  are  given  for 
various  distances  vertically  above  zero  in  Table  3*4  and  are  shown 
graphically  in  Fig.  3.4.  The  most  striking  feature  of  the  graph  Is  its 
steep  slope  at  the  larger  radial  distances,  indicating  a  more  rapid 
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decay  with  distance  than  that  observed  along  tha  ground  (aaa 
fig*  3*3  for  comparison).  Ona  raaaon  for  tha  nora  rapid  rata  of  decay 
is  tha  dacllna  of  atmospheric  pressure  (and  air  density)  with  lneraas- 
lag  altltada  abort  tha  snrfaca.  Evan  nora  rapid  dacay  would  ba  obaarvad 
••ra  It  not  for  tha  bolatarlng  affact  lntroducad  by  tha  dacraaaa  In 
sound  velocity  with  altitude. 

figures  *.l  through  *.3  show  that  tha  shock  wave  la  not 
hemispherical,  but  has  a  greater  radius  fron  tha  explosion  canter  along 
**•«•*  than  vertically  upward.  This  is  to  ba  expected,  especially 
an  such  a  large  scale  explosion  as  conpared  with  KB  explosions  where 
under  similar  conditions,  the  sent  affact  has  bean  observed. 

As  was  mentioned  in  Sac.  3.1.*,  tha  TOf  kllotonnage 
equivalent  is  of  tha  order  of  0.93  based  on  the  calculations 
described,  the  reader  is  cautioned  against  putting  great  faith  in 
the  Off  kilo  tonnage  equivalents  reported  by  the  various  projects  con¬ 
cerned  with  this  operation.  The  figures  quoted  are  critically  dependant 
upon  tha  value  of  \ used  in  the  calculations*  the  authors  are  unaware 
of  any  extant  SB  vertical  pressure  data  for  Which  the  scatter  is  not 
lexga,  fron  which  the  values  of  X  are  taken.  In  addition,  the  error  is 
cubed  in  reaching  the  final  value  In  terns  of  kilotons  of  TET. 

*.1.5  free  Air  Peak  Overpressure  Along  the  (hound.  Underground 


▼ery  good  agreement  exists  between  the  results  reported 
by  BRL  Project  1.2a-l  (ref  (b)),  end  those  reported  in  Sec.  3.2.3. 

Both  methods  are  fundamentally  the  same,  yet  completely  different  sets 
of  records  yielded  nearly  identical  results. 

The  major  difference  between  the  two  sets  of  data  is  that 
the  BRL  data  yield  a  pressure-distance  curve  which  is  slightly  concave 
downward,  while  in  the  same  region  the  H0L  results  indicate  the  opposite 
trend,  see  fig.  3.8.  It  is  interesting  to  note  that  the  HE-1  and  BB-2 
data,  as  reported  In  ref  (b),  have  a  slope  which  is  concave  upward 
similar  to  the  BOIL  results.  At  greater  distances,  however,  the  BOX. 
data  assume  a  curvature  similar  to  that  of  BRL. 

The  TR  kllotonnage  equivalent  of  1.01  0  is  comparable 
with  that  obtained  by  other  projects.  To  Illustrate  how  widely  *>»<* 
figure  can  bs  mads  to  vary,  however,  (see  Sec.  *.l.*),  consider  the 
following  argument:  If  Instead  of  using  an  average  value  of  X  determined 
from  both  HE-1  and  HE-2  one  uses  the  individual  values  obtained,  namely 
X  equals  5.6  and  6.*  for  the  10  psl  pressure  level,  then  one  obtains 
kllotonnage  equivalents  of  1.23  and  0.8*  0,  respectively.  The  percentage 
difference  between  the  values  for  X  is  approximately  15  par  cant  the 

difference  between  BE  equivalents  is  approximately  50  per  cent. 
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Ob  this  test  a  secondary  wave  overtook  and  passed  the 
initial  shock  In  the  direction  vertically  above  zero  as  Indicated  In 
Tigs.  3.6  and  3.8.  Along  the  ground  this  effect  did  not  appear  In  the 
shock  velocity  results  except  possibly  at  the  larger  distances  where 
the  pressure -distance  curve  (Fig.  3.8)  Indicates  a  slower  rate  of 
pressure  decay.  However ,  the  pressure-time  results  obtained  by  the 
Stanford  Research  Institute  (Project  l(9)a),  ref  (f  ),  showed  a  secondary 
pressure  rise  after  arrival  of  the  Initial  shock  cut  to  a  radial  distance 
along  the  ground  of  about  1,000  ft,  beyond  which  It  was  not  observed* 

It  did  not  have  a  steep  front  like  a  shock  but  was  undeniably  a  pressure 
wave. 

If  a  sufficiently  strong  secondary  pressure  wave  originated 
at  or  near  the  explosion  center  It  would  certainly  grow  faster  In  the 
vertical  direction  than  along  the  ground  because  of  the  presence  of  the 
ouch  hotter  gases  In  the  vertical  direction.  The  apparent  result  would 
occur  even  for  a  wave  of  much  lower  strength  than  the  primary  shock  wave 
since  the  pressure  is  a  function  of  the  Mach  number  (see  Sec.  1.3.1). 

The  cause  of  the  secondary  wave  is  unknown  and  deserves  further  study. 

The  THT  kllotonnage  equivalents  based  on  the  10  pel  shock 
pressure  vertically  above  zero  and  the  results  obtained  in  ref  (d) 
are  0.72  and  O.89  O.  For  distances  along  the  ground  the  average  kilo- 
tonnage  equivalent  was  found  to  be  1.01  ST.  The  average  of  the  three 
values  is  O.87  XT.  For  reasons  pointed  out  In  Sec.  4.1.5  this  figure 
should  be  used  with  caution. 


4.2  SOURCES  AHD  COMPOTBD  MACNITODES  OF  BtRCRS 

With  regard  to  errors  due  to  resolution  of  the  film  and  lens 
systems,  foreshortening  effect,  curve  fitting,  etc.,  the  reader  Is  re¬ 
ferred  to  ref  (a)  which  deals  with  these  usually  negligible  problems 
In  complete  detail.  Pertaining  to  wind  corrections,  errors  In  using 
the  Incorrect  values  of  atmospheric  pressure  and  sound  velocity,  ref  (b) 
provides  complete  Information  on  how  these  errors  affect  thh  computed 
shock  pressures. 

4.2.1  Wind  Correction 

Ho  corrections  for  wind  were  applied  In  obtaining  the  re¬ 
sults  presented  In  this  report.  On  the  surface  shot  where  a  time  base 
was  determined  from  BRL  times -of -arrival  along  the  ground  any  error 
due  to  wind  along  their  line  was  automatically  Included  la  the  results 
obtained  here.  For  computing  pressures  vertically  above  ground  zero 
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It  Is  reasonable  to  assume  that  there  were  do  vertical  components  of 
wind  velocity  large  enough  to  warrant  Inclusion.  A  small  error  of  un¬ 
known  magnitude  necessarily  exists  In  these  results. 

(hi  the  underground  test  the  wind  was  negligible  and  no 
corrections  were  warranted. 

4.2.2  Distance  Scale 

The  distances  measured  on  the  enlarged  images  of  the  film 
records  were  read  to  the  nearest  one-two  hundredth  (0.005)  in.,  which 
corresponded  to  a  distance  in  the  plane  of  measurement  of  1  ft.  The 
error  in  locating  fiducial  markers  was  considerably  less  than  this  figure. 
Therefore,  all  measured  distances  are  considered  to  be  accurate  to 
t  1.0  ft.  Corrections  for  camera  tilt  and  foreshortening  were  applied 
in  obtaining  the  vertical  and  horizontal  distance  scales. 

4.2.3  Timing  Scale 

The  timing  scale  for  the  surface  shot,  as  taken  from  BRL 
time  -of -arrival  data,  contains  an  uncertainty  due  to  lack  of  knowledge 
of  the  asynmetry  of  the  growth  of  the  shock  wave.  Symmetry  was  assumed 
to  exist  along  the  ground  in  all  radial  directions  in  the  establishment 
of  the  time  scale.  Because  the  camera  speed  was  erratic  it  is  Impossible 
to  state  a  value  of  the  time  per  frame.  Die  mm  error  in  time, 
however,  probably  does  not  exceed  5  mi Hi sec  over  the  entire  period  of 
interest. 


For  the  underground  shot  the  timing  information  is  more 
precise.  Die  time  per  frame  was  constant  and,  as  mentioned  in  Sec.  2.3.4, 
was  found  to  be  0.0108475  t  0.00005  sec.  Die  maximum  error  in  time  over 
the  entire  period  of  interest  is  O.OO325  sec  or  0.3  per  cent.  The 
error  is  negligible. 

4.2.4  Estimated  Errors  in  Calculated  Pressures 

The  error  in  the  peak  overpressures  determined  for  the 
surface  shot  cannot  be  calculated  because  of  the  uncertainty  in  the 
timing  measurements  and  wind  correction  factor.  All  things  considered, 
the  pressures  are  estimated  to  be  accurate  to  within  10  per  cent. 

A  figure  of  accuracy  of  3  per  cent  can  be  Justified  for  the 
underground  test  in  which  the  magnitudes  of  the  numerous  gmAii  un¬ 
certainties  can  be  tallied. 
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V.3  OQMCLEBIOHB  AMD  RMOCMtflBIDATIOMB 
4.3.1  General 

The  method  of  detecting  the  inetantaneoue  location  of  the 
shock  front  using  a  grid  formed  by  smoke  rocket  trails  is  good  for  tests 
of  these  types  to  obtain  peak  pressures  at  various  distances  in  free  air 
in  the  directions  specified.  In  films  for  each  test  the  trails  served 
well  as  guides  indicating  the  contour  of  the  shock  front.  In  the 
majority  of  cases,  however,  the  locus  of  the  shock  front  in  the  direc¬ 
tions  along  the  ground  and  vertically  above  zero  was  observed  directly, 
l.e.  by  observing  the  scattered  background  light  refracted  by  the 
shock  wave.  The  weakness  and  short  duration  of  the  shock  wave  made  this 
observation  and  measurement  a  matter  of  special  skill  acquired  by  the 
authors  over  a  period  of  years.  Without  the  much  more  apparent  refrac¬ 
tion  of  light  from  the  smoke  trails  it  is  quite  conceivable  that  the 
shock  would  have  passed  undetected. 

If  similar  tests  are  conducted  in  the  future,  two  simple 
improvements  could  be  made  to  advantage.  The  smoke  trails  should  be 
moved  closer  together  and.  Instead  of  establishing  vertical  grid  lines, 
establish  a  grid  of  lines  making  an  angle  of  about  60°  with  the  surface, 
in  a  plane  normal  to  the  camera  line  of  Bight,  thus  aiding  in  the 
detection  of  the  shock  vertically  above  zero. 

The  contrast  exhibited  in  the  films  of  the  underground 
test  used  for  these  measurements  was  low.  The  sky  was  cloudy  and 
presented  a  stealry  background  which  caused  much  difficulty  in  obtain¬ 
ing  the  measurements.  The  low  contrast  could  have  been  improved 
considerably  if  a  better  figure  for  the  exposure  had  been  chosen. 

An  experimental  film  developed  by  Eastman  Kodak,  Inc.  by 
direction  of  MAC  resembling  commerlcal  Microfile  film  should  have  been 
used  but  was  not  available  to  the  Sandia  Corporation.  The  film  has  very 
wide  latitude  covering  a  wide  range  of  exposure  and  has,  before  this 
operation  and  since,  proved  to  be  superior  in  obtaining  desirable  records 
of  this  type.  It  is  strongly  recommended. 

Failure  of  the  timing  system  during  the  crucial  period 
on  the  surface  shot  almost  proved  to  be  disastrous  to  this  project. 

Once  again  it  is  repeated  that  timing  records  of  the  type  used  are 
not  considered  practical  because  of  the  large  chance  for  failure. 

Each  camera  should  have  its  own  timing  device  built  into  it  and  should 
be  operated  from  a  separate  timing  signal  generator.  The  additional 
cost  for  such  Installation  is  negligible  with  respect  to  that  of  the 
operation  as  a  whole  and  may  mean  the  difference  between  success  and 
failure  of  a  large  number  of  the  highly  desired  measurements. 
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4.3.2  Pee k  Pressure  Along  the  Oround 

As  explained  in  See.  3. 1.1,  due  to  the  tlalng  failure  on 
the  surface  teat  and  the  aethod  used  to  establish  a  time  base,  the 
pressures  along  the  ground  oust  agree  precisely  with  those  obtained 
by  BL,  Project  1.2a-l,  by  definition.  The  TIT  kilo tonnage  equivalent 
was  found  to  be  1  +  .05  13  at  a  pressure  level  of  10  psl. 


For  the  underground  test  the  pressures  along  the  ground 
agreed  veil  with  the  results  of  Project  1.2a-l,  the  only  difference 
being  In  the  rate  of  decay  (see  Sec.  4.1.2).  The  pressures  determined 
from  VGL  measurements  are  considered  accurate  to  3  per  cent.  The 
calculation  of  the  TIT  kilo tonnage  equivalent  was  shown  In  Sec.  3.2.5 
to  be  1.01  B. 


4.3.3  Peak  Pressure 


Above  Ground  Zero 


Results  were  obtained  for  both  events.  The  figure  of 
accuracy  of  the  peak  pressures  are  different,  however,  largely  due  to 
the  uncertainty  Involved  in  establishing  the  time  base  for  the  surface 
shot.  For  this  shot  a  figure  of  10  per  cent  is  considered  reliable. 

On  the  underground  shot  the  figure  of  accuracy  is  3  per  cent. 

The  occurrence  of  the  sudden  change  of  slope  in  the  tlme- 
of -arrival  curve  for  the  underground  shot  led  to  the  peculiar  shape  of 
the  pressure-distance  curves  of  Figs.  3.8  and  3.9  for  pressures  deter¬ 
mined  In  the  vertical  direction.  This  phenomenon  did  not  appear  In 
the  results  obtained  along  the  ground  where  the  shock  velocity  method 
was  used  to  determine  peak  pressures.  A  second  pressure  wave  was 
recorded  along  the  ground  by  pressure -time  gages  of  SRI,  Project  l(9)a. 
Further  study  of  the  cause  of  this  phenomenon  Is  warranted. 

For  the  surface  and  underground  tests,  the  TIT  kilo- 
tonnage  equivalents  were  found  to  be  O.93  -  1.23  **  and  0.72  -  O.89  B, 
respectively,  based  on  data  at  a  pressure  level  of  10  psl  vertically 
above  zero.  These  values  have  been  shown  to  depend  critically  on  the 
value  of  X  employed.  The  only  corresponding  HE  data  found  by  the 
authors  wars  those  given  In  ref  (d).  Although  In  each  case  one  of  the 
values  should  be  weighted  more  than  the  other,  it  Is  felt  that  the  values 
are  sufficiently  flexible  that  their  mean  values  are  as  good  an  Indica¬ 
tion  of  the  TIT  equivalents  as  any.  The  mean  values  are  1.08  B  for 
the  surface  test  and  0.8l  B  for  the  underground  test  as  based  on  the 
10  psl  pressure  level  vertically  above  ground  zero. 
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ABSTRACT 


Hie  object  of  the  project  was  to  measure  the  free  air  peak  pressure 
of  ah  atomic  detonation  as  a  function  of  time  and  space.  The  operation¬ 
al  procedure  consisted  of  deploying,  from  two  aircraft,  eigdt  instru¬ 
mented  parachute-borne  canisters  positioned  fran  3300  feet  to  29,000 
feet  vertically  above  ground  zero.  Each  canister  contained  an  altimeter 
transducer,  two  differential  pressure  transducers,  a  radio  telemetry 
transmitter  and  a  radio  tracking  beacon.  The  ground  equipment  consisted 
of  a  radio  telemetry  receiving  station  for  recording  pressure  data,  four 
multiple  object  tracking  stations  for  recording  the  positions  of  the  can¬ 
isters  by  triangulation  method,  and  two  SCH  584  radar  stations  for  posi¬ 
tioning  the  aircraft  over  a  drop  point. 

The  operation  was  a  preliminary  test  of  equipment  and  techniques  in 
anticipation  of  future  tests  involving  a  more  extensive  array  of  para- 
chute-bome  canisters,  Jtay  conclusions  may  be  considered  tentative 
since  the  positions  actually  attained  by  the  parachut  e-bo  me  canisters 
were  inconsistent  with  the  intended  vertical  array  and  did  not  provide  a 
clear  cut  test  of  the  Puchs  altitude  correction.  Tor  the  lowest  four 
canisters  this  correction  is  of  the  same  order  as  the  estimated  error  of 
the  peak  pressure  measurements.  Two  canisters  were  at  such  great  hori¬ 
zontal  distances  and  low  shock  pressure  levels  that  erratic  results  are 
to  be  expected,  due  both  to  errors  of  measurement  and  the  effects  of 
shock  wave  refraction.  Data  from  one  canister  were  questionable  because 
the  canister  was  in  the  aircraft  bomb  bay  at  the  arrival  time  of  the 
shock  wave.  Bo  data  was  received  from  one  canister  because  the  pressure 
transducers  were  off  scale  due  to  a  restricted  pressure  line.  There  is 
justification  for  concluding  that  the  data  obtained  in  the  project  sup¬ 
ported  the  Puchs  theory  within  the  probable  accuracy  of  the  observations 
out  to  oveipressures  of  about  0.1  psi. 

It  is  recommended  that  further  tests  be  made  using  up  to  30  para¬ 
chute-borne  canisters  in  an  extensive  array  to  cover  the  range  of  peak 
overpressures  from  about  0.15  to  4.0  psi. 
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1.1  OBJECTIVE 


The  primary  object  ire  of  the  project  was  to  measure  the  free  air 
peak  blast  pressure  of  an  atonic  detonation  as  a  function  of  tine  and 
space.  Secondary  objectives  were  to  test  operational  procedures  lo- 
strxmentation  to  improve  techniques  and  increase  accuracy  of  measure** 
nenta  in  a  later  operation  involving  a  larger  detonation. 

Although  Approximate  theoretical  treatments  of  the  effect  of  ambi¬ 
ent  pressure  and  temperature  gradients  on  blast  wave  peak  pressures  heme 
been  developed,  there  has  been  no  reliable  experimental  test  of  the  theo¬ 
retical  conclusions.  Because  of  the  importance  of  these  effects  in  rela¬ 
tion  to  the  optimum  height  of  bomb  burst,  particularly  for  bombs  of  «***> 
larger  yield  than  present  types,  end  the  determination  of  the  m-'rHmna 
range  and  altitude  for  aircraft  safety*  a  direct  experimental  test  is  an 
urgent  requirement. 

1.2  HISTORICAL 

file  military  requirement  for  an  experimental  test  of  the  fvhs 
theory  was  brought  to  the  attention  of  the  Terrestrial  Sciences  Labora¬ 
tory,  Air  force  Cambridge  Research  Center,  early  in  1950.  At  that  time 
the  basic  techniques  described  in  this  report  were  devised  and  a  propos¬ 
al  was  prepared  for  participation  in  Operation  QHBFHHDUSE.  However,  the 
time  for  preparation  of  such  an  extensive  project  was  insufficient  and 
no  action  was  taken. 

In  December,  1990  the  project  was  revived  under  Operation  WIHDSTQBM 
and  was  officially  included  in  lebruary,  1991*  Later  the  project  was 
tentatively  included  in  Operation  BUSTER  but  due  to  unsuitable  frequency 
requirements  was  Included  in  Operation  J ANGLE  on  a  reduced  operational 
scale. 

1.3  THEORETICAL 


In  discussing  the  propagation  of  shock  waves  from  chemical  explo¬ 
sives  the  range  of  distances  over  which  military  significant  effects 
occur  is  ordinarily  so  email  that  the  atmosphere  may  be  treated  as  a 
homogeneous  body  of  gas,  initially  at  the  seme  pressure  and  temperature 
everywhere,  (fils  is  not,  of  course,  the  case  with  the  occasional  min¬ 
or  damage  that  may  be  done  at  comparatively  long  ranges  due  to  focusing 
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effects  caused  by  tenperature  variations  and  winds.)  However,  in  the 
case  of  a  nuclear  explosion  it  is  necessary  to  consider  propagation  over 
a  range  of  altitudes  so  great  that  the  variation  of  atmospheric  temoera- 
ture,  pressure,  and  density  with  altitude  is  not  insignificant.  Die  ef¬ 
fects  of  the  inhomogemty  of  the  actual  atmosphere  are  particularly  im¬ 
portant  in  connection  with  (a)  the  heigxt  of  hurst  of  atomic  bombs  of 
very  large  yield,  (h)  the  determination  of  the  zone  of  Hangar  to  air¬ 
craft  in  the  neighborhood  of  an  atomic  bomb,  and  (c)  the  use  of  blast 
pressure  measurements  on  aircraft  in  connection  with  bomb  assess¬ 

ment  systems. 

Die  variation  of  atmospheric  properties  with  altitude  affects  the 
prediction  of  peak  overpressure  in  two  ways  (a)  the  effect  of  the  ambi- 
ent  pressure  at  the  altitude  at  which  the  bomb  is  detonated,  (b) 
effect  of  variation  in  atmospheric  properties  between  the  altitude  of 
detonation  and  the  point  at  which  the  peak  pressure  is  to  be  determined. 
The  first  effect  has  been  discussed  theoretically  by  R.  G.  Sachs^ and 
the  second  by  K.  Fuchs  .  These  two  theories  lead  to  scaling  laws  for 
peak  overpressure  vhich  may  be  expressed  in  the  following  form. 

Let  f  (r)  be  the  peak  overpressure  vs.  distance  function  for  a  bomb 
of  1  ET  yield  (radiochemi  cally  determined)  in  an  unbounded  homogeneous 
atmosphere  at  standard  sea  level  pressure  (l4.70  psi).  The  free  air 
peak  overpressure  at  slant  range,  E,  and  altitude,  z,  due  to  a  bomb  of 
yield,  V,  fired  at  altitude,  h  is  then-? 

4P  (E,z,h)  =  k^f(k>E/S)  (1.1) 

where  S  =  (1.2) 

*  -  [P0Ch)/P0(oj)  ^  (1.3) 

\=  expjj^  c(h)/c(z)}  ^f»(h)c(h)/p(z)c(z^  -ijdz/(z-h)  (1.4) 

/ 1  »  V[p(z)c(z)/^(h)c(h)J^  (1.5) 

and  PQ(z)yk(z),  and  c(z)  are  respectively  the  atmospheric  pressure, 

^  B.  G.  Sachs,  The  Dependence  of  Blast  on  Anbient  Temperature  Pres¬ 
sure.  Ballistics  Research  Lab.,  .Aberdeen,  Report  iJo^  4bb  (May  1944)^ 
The  effect  has  also  been  treated  by  J.  G.  Kirkwood  and  S.  E.  Brinkl ev 
in  OSKD  Report  No.  5271*  The  two  treatments  lead  to  similar  results 
and  Sachs'  scaling  lav  will  be  used  here  since  it  can  be  applied  di- 
rectly  to  empirical  data. 

K.  Fuchs,  The  Effect  of  Altitude,  Vol  VII,  Pt  II,  flhfp  9  of  Los  Alamos 
Technical  Series,  LA-1021. 

3  See  ippenddLx  C  for  a  consolidated  list  of  mathematical  symbols. 
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density  and  sound  velocity  at  altitude  2.  Since  c(h)/c(z)  =  [nCh)/Ttz)l 
aodfOO/^W  =  P„(h)T(j)/P,U)T(h).  where  I(z)  is  the  ahsolutetipe^ 
ature,  equations  (4)  and  (5;  may  also  be  written  in  the  form. 

A  =  expj^  [ft(h)/T(z)}*  fp0Oa)/P0(z)J''-l]dz/(z-h)  (1.6) 

yl  =  X[T(h)/T(2)}^  ^0(z)/PQ(h )}&  (1.7) 


Die  quantity  k  is  the  Sachs  scale  factor  expressing  the  effect  of  the 
ambient  pressure  at  the  altitude  of  detonation  and  X  and  m  are  the  Fuchs 
scale  factors.  x 

The  Sachs  scaling  law  has  been  at  least  roughly  verified  by  meas¬ 
urements  with  TUT  charges4  fired  at  altitudes  tp  to  l4,000  ft.,  but  no 
experimental  test  of  the  Fuchs  theory  has  been  made.  Actually  a  com¬ 
pletely  unambiguous  test  of  the  theory  is  not  possible  since  the  basic 
pressure  vs.  distance  function,  f  (r) ,  for  an  atomic  bomb  in  an  unbound¬ 
ed  uniform  atmosphere  is  not  a  directly  observable  quantity.  An  indi¬ 
rect  test  may  be  made,  however,  by  measuring  A?  at  various  ranges  and 
altitudes  and  plotting/}  P/fc^f  against  k)fi/S.  If  the  observed  points 
define  a  reasonably  smooth  curve  within  the  experimental  error,  with 
no  systematic  deviations  correl&table  with  altitude,  the  theory  may  be 
accepted  as  adequate  for  practical  applications. 

One  of  the  basic  assumptions  of  the  Fuchs  theory  is  that  the  flow 
is  purely  radial  at  all  points,  that  is,  no  consideration  is  given  to 
the  effect  of  refraction  of  the  shock  wave.  Dds  is  probably  an  ade¬ 
quate  approximation  within  the  region  of  overpressures  of  military  sig¬ 
nificance,  but  it  will  certainly  not  be  correct  at  very  large  distances 
and  low  overpressures.  As  a  very  rougi  estimate,  we  may  expect  to  find 
observable  departures  from  the  Fuchs  theory  due  to  refraction  effects 
at  peak  overpressures  of  about  0.1  psi  or  less. 

In  addition  to  the  uncertainty  in  the  correct  form  of  the  f (r) 
curve,  there  is  the  further  conplication  of  the  effect  of  the  ground 
surface.  Ideally,  it  would  be  desirable  to  establish  f  (r)  by  using  an 
air  burst  and  measuring  the  peak  pressure  of  the  direct  shock  at  air¬ 
borne  gauges  located  above  the  Mach  stem.  Practically,  the  difficulty 
of  placing  an  array  of  parachute-borne  gauges  at  the  desired  positions 
with  respect  to  the  bomb,  and  at  the  correct  time,  makes  the  use  of  a 
ground  or  tower  burst  preferable,  at  least  for  preliminary  tests.  It 
is  the"  necessary  to  know  how  much  the  effective  yield  is  increased  by 
reflection  from  the  ground.  If  the  ground  were  perfectly  rigid,  all  of 
the  energy  that  would  have  been  emitted  in  the  lower  hemisphere  in  the 
free  air  would  be  reflected  into  the  above-ground  hemisphere,  and  the 
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effective  yield  would  be,  twice  the  actual  yield*  To  allow  for  the  loss 
of  energy  to  the  ground  due  to  cratering  other  permanent  deforma¬ 
tion  near  the  point  of  detonation  and  to  the  radiation  of  elastic  ware 
energy  a  reflection  factor  of  1*5  or  1.6  instead  of  2  has  sometimes 
been  used.  This  is*  however*  a  questionable  figure  and  for  the  pur¬ 
poses  of  the  present  discussion  a  reflection  factor  of  1.8  will  be  as¬ 
sumed.  The  radiochemically  determined  yield  of  the  JAKGLB  surface  shot 
is  taken  as  1.2  XT*  so  that  the  yield  scale  factor  is  S  *  (2.27®  »  1.30: 
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Instnmentation  involved  in  the  operation  consisted  of  four  objec 
tives:  radio  telemetry  instrumentation  to  obtain  free  air  pressure 
data,  canister  tracking  instnmentation  to  obtain  time-space  data  of 
the  parachute-borne  canisters,  radar  instnmentation  to  position  the 
aircraft  for  deployment  of  the  eight  canisters  vertically  above  the 
atomic  detonation,  and  the  instrumentation  of  the  parachut^boroe  can¬ 
ister. 


2.1.1  ^adio  Telemetry  Instrumentation 

Eeference  is  made  to  -Appendix  A  for  a  more  detailed  de¬ 
scription  of  the  instnmentation  esployed  in  obtaining  radio  telanetry 
pressure  data.  Pressure  measuring  instrumentation  and  the  parachute- 
borne  canister  ware  developed  by  the  Pacific  Division  Development  Lab¬ 
oratories,  Bendix  Aviation  Corporation,  Burbank,  California,  under 
Contract  A?  19(l22)-459. 

The  airborne  radio  telemetry  system  installed  in  can- 
ister  consisted  of  a  pressure  altimeter  transducer,  two  differential 
pressure  transducers,  one  having  a  scale  range  of  approximately  twice 
the  other,  and  the  radio  telemetry  transmitter  unit.  Upon  receiving  a 
pressure  stimulus  each  transducer  in  the  canister  frequency  meHni  atari 
a  sub-carrier;  the  three  sub— carriers  were  mixed  *» frequency  mmiul  rv- 
ted  the  radio  frequency  carrier,  the  data  Unir  between  the  parachute- 
borne  canister  and  the  recording  ground  station.  The  ground  radio 
telemetry  recording  station  consisted  of  a  separate  5M  receiver  for 
each  parachute-borne  canister.  The  output  of  each  receiver,  being  a 
mixture  of  the  three  original  frequency  modulated  sub-carriers,  was 
separated  by  a  filter  network.  Subsequently  each  sub-carrier  was 
channel  ed  to  a  sub-carrier  discriminator  which  produced  a  current  pro¬ 
portional  to  the  original  pressure  stimulus.  These  proportional  cur¬ 
rents  were  applied  to  galvanometers  of  the  recording  oscillograph. 

2.1.2  Canister  Tracking  Instnmentat ion 

Eeference  is  made  to  -Appendix  B  for  a  more  detailed  de¬ 
scription  of  the  instrumentation  employed  in  obtaining  the  time- space 
positions  of  the  parachute-borne  canisters.  The  system  employed  to 
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track  the  multiple  number  of  canisters  was  developed  by  2he  Glenn  L. 
Martin  Conpany,  Baltimore,  Maryland,  under  Contract  AF  19(l??)-460. 

Dae  Multiple  Object  Tracking  System  is  based  on  the  method 
of  triangulation  to  obtain  position  data.  Radio  range  measurements 
were  determined  from  four  ground  interrogating  stations  to  the  canis¬ 
ters  in  space.  The  system  is  capable  of  tracking  32  objects  in  space 
at  one  second  intervals  with  an  accuracy  of  +  100  ft. 

During  each  second  of  operation  all  ground  stations  shared 
time  to  alternately  interrogate  each  parachute-borne  canister.  Inter¬ 
rogation  by  the  ground  station  was  accomplished  by  transmitting  a  bin¬ 
ary  code  train  of  five  digits  and  a  range  pulse  which  initiated  the 
operation  of  the  range  counting  circuit.  Each  airborne  beacon  was  de¬ 
signed  for  a  selected  binary  number  which  was  established  in  the  beacon 
decoder.  Die  decoder  differentiated  between  the  selected  nunber  and 
all  others  so  as  to  excite  the  modulator  only  when  the  selected  lumber 
occurred.  The  modulator  fired  the  transmitter  which  initiated  the  re¬ 
ply  pulse.  Die  reply  pulse,  received  by  the  ground  station,  stopped 
the  range  counter.  The  range  count,  in  increments  of  0.1  micro-sec¬ 
onds,  was  recorded  and  established  the  range  from  the  ground  station 
to  the  parachut o-bome  canister. 

2.1.3  Aircraft  Positioning  Instrumentation 

Two  SCR  5^4  radar  stations  were  used  to  guide  two  B-29  air¬ 
craft  over  a  drop  point,  both  in  reference  to  time  anti  position  in 
space.  Four  parachute-borne  canisters  were  deployed  from  £-25 
aircraft  at  a  conputed  drop  time  and  drop  position,  corrected  for  the 
integrated  horizontal  wind  drift  of  the  parachute-borne  canisters 
through  a  vertical  axis  over  ground  zero. 

2.1.4  Qftptatftr  Instrumentation 

Reference  is  made  to  Appendix  A  for  a  detailed  description 
of  the  instrumentation  used  in  the  parachute-borne  canisters. 

The  dual  parachute  system  consisted  of  two  parachutes,  a 
6-foot  drag  fist  ribbon  parachute  and  a  28-foot  flat  parachute.  All 
canisters  were  deployed  from  the  aircraft  using  the  6>foot  ribbon  para¬ 
chute  attached  to  the  static  line.  Ballistic  data  and  the  particular 
position  of  a  canister  in  the  array  determined  the  time  of  canister 
fall  with  the  6-foot  ribbon  parachute.  At  a  predetermined  time,  dif¬ 
ferent  for  each  canister,  an  internal  timer  fired  a  squib  cutter  re¬ 
leasing  the  6-foot  fist  ribbon  parachute  and  deploying  the  28-foot 
flat  parachute.  She  canisters  were  internally  preheated  in  the  bomb 
bays  of  the  aircraft  three  minutes  prior  to  initiating  deployment.  Six 
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thermostat  a  were  installed  in  various  compartments  of  the  canister  to 
regulate  the  internal  temperature.  The  parachute-borne  canister  com¬ 
plete  with  dual  parachutes  veiled  275  pounds. 

2.2  CALIBRATION  PBOCSDCBB 

Reference  is  made  to  Appendix  A  and  B  for  a  more  detailed  des¬ 
cription  of  calibration  procedures  of  the  radio  telemetry  system 
the  Multiple  Object  Tracking  System  (MOTS)  • 

2.2.1  Radio  Telemetry  Calibrating  Procedure 

The  receiving  radio  telemetry  ground  stations  were  calibra¬ 
ted  by  measuring  a  series  of  standard  audio  frequency  signals  at  the 
appropriate  station  discriminators.  Records  were  made  on  the  oscillo¬ 
graph  for  each  standard  frequency  to  the  discriminators.  Using  these 
values,  calibration  curves  were  plotted  of  galvanometer  deflection 
versus  frequency. 

Pressure  transducers  were  calibrated  by  applying  accurate 
pressure  values  to  each  pressure  transducer,  covering  the  entire  range 
of  each  pickup.  The  frequency  of  the  sub-carrier  oscillator  connected 
to  the  transducer  was  recorded  and  a  curve  of  frequency  versus  trans¬ 
ducer  function  was  plotted  from  these  data. 

Ry  use  of  the  discriminator  and  transducer  calibration 
curves,  a  correlation  between  the  transducer  function  values  and  gal¬ 
vanometer  deflection  values  was  obtained. 

2.2.2  Canister  Tracking  Calibration  Procedure 

A  ground  sub-station  containing  a  beacon  similar  to  the 
airborne  beacon  was  established  northwest  of  ground  zero.  A  survey 
was  made  to  obtain  the  accurate  slope  range  from  each  MOTS  ground  star 
tion  to  the  ground  sub-station.  During  Operation  J .ANGLE  the  sub-sta¬ 
tion  was  continuously  interrogated  by  each  MOTS  station.  A  comparison 
of  range  readings  from  each  MOTS  station  to  the  sub-station  with  the 
known  range  established  the  inherent  delays  or  effective  range  error 
of  each  ground  station.  This  range  error  was  then  applied  as  a  correc¬ 
tion  factor  to  the  range  data  obtained  from  the  parachute-borne  can¬ 
isters. 


2.2.3  SCR  ^84  Radar  Calibration  Procedure 

Instructions  contained  in  the  applicable  Technical  Order's 
were  employed. 
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2.3  CPERAHQSS 

Bxe  problems  of  the  operation  consisted,  of  fire  phases:  (l)  the 
guidance  of  two  B-29  aircraft  over  a  drop  point  both  in  reference  to 
position  and.  time,  employing  two  SCR  584  radar  tracking  stations; 

^2)  the  deployment  of  eight  parachute-borne  canisters  from  two  B-29 
aircraft,  one  aircraft  flying  at  an  altitude  of  15,800  feet  MSL  and  one 
aircraft  flying  at  an  altitude  of  35.800  feet  MSL;  (3)  the  recording  of 
blast  pressure  profiles  from  the  positions  of  the  parachute-borne  can¬ 
isters;  (4)  the  continuous  tracking  of  eight  parachute-borne  canisters 
employing  the  Multiple  Object  Tracking  System;  and  (5)  the  calibration 
of  the  integrated  horizontal  wind  drift  of  the  parachute-borne  canister 
through  a  vertical  axis  over  ground  zero  to  determine  a  corrected  drop 
point  and  drop  time  for  the  aircraft. 

Die  locations  of  the  radio  telemetry  station,  the  MOTS  stations 
and  the  SCR  584  radar  stations  are  indicated  in  Figure  2.1. 

Die  operation  consisted  of  the  following  sequence  of  events.  Co¬ 
ordinated  data  between  the  aircraft  navigator  and  the  SCR  584  radar  op¬ 
erators  were  used  to  position  the  aircraft  for  initiating  the  deploy¬ 
ment  of  the  parachute-borne  canisters.  Die  deployment  position  was 
corrected  for  average  wind  drift  of  the  parachute-borne  canisters. 

Die  low  aircraft  Initiated  deployment  of  canisters  Ho.  1,  Ho.  2,  Ho.  3 
and  Ho.  4  at  H-79  seconds  required  by  timing  factors  of  the  arrival 
time  of  the  blast  wave  and  the  ballistic  factors  of  positioning  the 
canisters  in  the  array-.  Die  high  aircraft  initiated  deployment  of 
canisters  Ho.  5»  Ho.  o  and  Ho.  7  a*  *-100  seconds.  Canister  Ho.  8  was 
deployed  by  the  high  aircraft  at  H+25  seconds  to  an  intended  position 
of  33,000  feet  horizontally  from  the  vertical  axis  through  ground  zero* 
Die  radio  telemetry  ground  station  monitored  the  canisters  from  air¬ 
craft  deployment  time  to  H+10  minutes.  The  MOTS  ground  stations  mon¬ 
itored  the  canisters  from  aircraft  deployment  time  to  H+6  minutes. 

2.3.1  Low  Aircraft  Operation 

The  low  B-29  aircraft  flying  at  15«800  feet  MSL  completed 
five  runs  as  follows: 

0720  PST  -  A  calibration  run  was  coapleted  over  ground  sere  to  estab¬ 
lish  true  ground  speed. 

O79O  PST  -  A  simulated  run  was  completed  using  the  arbitrary  time  of 
0750  PST  as  *>79  seconds.  The  aircraft  was  approximately  1800 
feet  short  of  the  calibrated  position  at  the  simulated  zero  drop 
time.  Some  inconvenience  and  confusion  was  caused  by  a  B-50  flyw 
ing  in  formation  with  the  B-29.  This  condition  was  undesirable 
since  accurate  guidance  was  required.  It  was  fortunate  that  the 
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confusion  caused,  ty  the  B-50  in  tracking  the  target  B-29  did.  not 
exist  at  critical  tines. 

0810  PSD  -  This  simulated,  run  vas  consisted  over  a  calculated,  point 
1950  feet  and.  a  hearing  of  190  degrees  from  the  vertical  axis 
through  ground,  zero  to  compensate  for  computed  drift  of  the  para¬ 
chute-home  canister.  At  the  arbitrary  drop  time  of  0810  PSD,  no 
error  in  position  of  the  aircraft  vas  discemaible  on  the  plotting 
hoard.  The  error  vas  probably  less  than  200  feet  horizontally. 

0835  PST  —  Dus  simulated  run  vas  made  over  the  same  calculated  drop 
point  as  in  the  previous  run.  At  the  time  of  simulated  drop  (0835 
PSD)  no  error  vas  discemahle  on  the  plotting  hoard.  The  error 
vas  probably  less  than  200  feet  horizontally. 

0900  PST  -  This  run  vas  the  actual  run.  During  the  aircraft  fligit  on 
the  lest  leg  of  the  pattern,  the  aircraft  vas  advised  to  increase 
the  sir  speed.  At  &*7  minutes  the  standard  emergency  ccsHuni— 
cations  frequencies  between  the  aircraft  and  the  SCR  584  operator 
failed.  Attempts  were  made  to  use  the  comsunications  through  the 
other  SGE  584  radar  station.  Communication  vas  reestablished  at 
approximately  H-3  minutes  and  the  mission  continued.  The  speed  of 
the  aircraft  had  been  considerably  overcorrected.  Although  reduc¬ 
tion  of  aircraft  speed  vas  immediately  accomplished,  it  was  not 
possible  to  prevent  over shot ting  the  target  drop  point  by  approx¬ 
imately  6000  feet  at  drop  time  B-79  seconds. 

2.3.2  HiAh  Aircraft  Operation 

Qxe  high  B-29  aircraft  planned  to  deploy  canisters  Ho.  5* 

So.  6,  So.  7  and  So.  8  at  flight  aLtitude  35. 800  feet  MSL. 

0700  PST  -  The  aircraft  started  climb  from  16,000  feet  MSL  to  flight 
altitude.  A  middle  cloud  layer  of  alto-cumulus  fro®  the  south 
changed  from  scattered  to  broken.  Dr.  Super  (Project  Officer  for 
JASCtLX  Project  1.3a)  reported  that  one  of  his  balloons  had  burst 
and  requested  a  delay  in  detonation  time.  It  vas  reported  that 
ABC  had  called  a  conference  to  determine  the  advisability  of  a  da¬ 
isy.  Tie  aircraft  remained  at  existing  altitude  of  29.000  feet 
MSL  until  detonation  time  had  been  determined. 

0750  PST  -  A  simulated  run  vas  attonpted  at  29,000  feet  MSL.  The  SCR 
584  radar  lost  track  of  the  target  B-29  at  0742  PST.  Broken 
cloud  conditions  made  it  difficult  to  locate  the  target  with  the 
visual  tracker.  Radar  target  vas  established  at  0751  PST.  The 
aircraft  vas  two  minutes  late  over  the  drop  point  at  the  simul¬ 
ated  drop  time  of  0750  PST. 
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0755  MT  -  Information  was  received  that  no  del^  in  detonation  time 
wouid  be  made.  She  aircraft  pilot  was  informed  to  climb  to  oper¬ 
ational  altitude. 

0800  PST  -  ttis  simulated  run  was  made  while  the  aircraft  was  climbing 
to  altitude.  She  run  was  unsatisfactory  because  the  time  scale 
had  not  been  established. 

0835  MS  -  Biis  simulated  run  was  attempted  in  conjunction  with  the 
other  aircraft  operation,  using  the  same  simulated  drop  time. 

Ihe  aircraft  was  late  at  the  drop  point  by  a  minute.  Overcast 
cloud  conditions  existed. 

0900  PST  -  This  run  was  the  actual  run.  The  aircraft  pilot  was  la- 
formed  by  the  SCS  584  operator  to  perform  a  360-dogree  turn  to 
loee  time.  She  SGB  584  radar  lost  the  target  B-29  at  B-12 
utee  and  did  not  locate  the  target  B-29  until  B-5  minutes. 
aircraft  position  was  considerably  behind  the  time  echedule. 

Brary  attempt  was  made  to  gain  time.  The  aircraft  reduced  alti¬ 
tude  from  35,800  fast  to  32,800  fast  MSL  in  an  sttaept  to  gain 
qpeed,  however,  the  loat  time  could  not  be  completely  oosneneated. 
Parachute-borne  canisters  No.  5,  No.  6  and  No.  7  were  deployed  at 
H-IDO  seconds,  shout  45,000  feet  short  of  the  intended  drop  point. 
Canister  No.  8  wee  deployed  at  E+26  seconds  approximately  over 
ground  sero,  however,  the  canister  waa  in  the  bomb  bey  at  the  ar¬ 
rival  time  of  the  blast  ware.  She  approximate  posit  lone  of  the 
oanistara  at  arrival  time  of  the  shook  wars  ocapared  to  the  in¬ 
tended  posit iocs  are  shown  in  Tigure  2.2. 

2.3.3  Canister  Deployment  Operation 

Deployment  of  both  the  6-foot  flat  ribbon  parachute  end  the 
28-foot  flat  parachute  was  satisfactory  for  all  canisters,  ill  canis¬ 
ters  and  parachutes  survived  the  shock  ware.  However,  because  of  the 
comparative  great  ranges  from  ground  sero  to  the  canisters  no  conclu¬ 
sions  can  be  formulated  with  respect  to  destructive  blast  and  thermal 
effects  on  the  parachute-borne  canister. 

2.3.4  Badlo  Telemetry  Operation 

Badio  telemetry  signals  from  all  eight  parachute-borne  can¬ 
isters  were  recorded  by  the  radio  telemetry  ground  station  from  deploy¬ 
ment  time  until  loss  of  radio  signals  resulting  tram  the  eventual  low 
altitude  of  the  parachute-borne  canisters.  Pressure  profiles  of  the 
blest  wave  were  recorded  from  seven  of  the  eight  canisters. 
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PARACHUTE-BORNE  CANISTER  ARRAY 
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Fig.  2*2  Parachute-Borne  Canister  Array 
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2.3*6  Wind  Calibration  Operation 

Operational  plans  included  the  deployment  of  a  parachute- 
borne  canister  at  H-li  hours  to  determine  the  aircraft  drop  point.  It 
was  planned  to  track  the  position  of  the  canister  during  descent  with 
the  MOTS  to  obtain  wind  drift  data.  However,  at  pre-test  briefing  of 
the  aircraft  crew  the  deployment  of  the  calibration  canister  was  can¬ 
celled  by  SWC.  The  pibal  data  available  at  the  Control  Point  were 
used  to  compute  the  wind  drift  of  the  parachute-borne  canisters. 
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The  range  data  obtained  were  intermittent  and  no  position¬ 
al  information  of  parachute-borne  canisters  was  obtained  for  the  crit¬ 
ical  arrival  time  of  the  shock  wave.  Die  interrogated  replies  recorded 
at  the  four  ground  stations  were  as  follows: 


Ground  Station  Canisters  Which  Eesponded 


Die  Multiple  Object  Tracking  System  was  originally  con¬ 
ceived  in  February,  1951  and  development  was  initiated  in  March,  1951. 
Ifctrlng  Operation  JiHGLE  the  instnmentat i on  was  still  in  the  stage  of 
development,  however,  the  results  indicated  that  the  system  with  minor 
modifications  of  instrrx&entation  will  be  greatly  inproved  for  future 
operations. 


CHAPTffi  3 
TEST  HESULTS 

3.1  DISCUSSION  OF  PBESSUBE  BEOOEDS 

Tb.e  basic  dpXa  obtained  are  summarized  in  Table  3*1»  Hie  oscil¬ 
lograph  traces  are  reproduced  as  Figures  3*1»  3*2  and  3*3*  Hie  clasped 
oscillations  which  appear  on  the  differential  pressure  gauge  traces 
immediately  after  the  arrival  of  the  shock  wave  are  due  to  oscillation 
of  the  air  column  in  the  tube  connecting  the  pressure  probe  to  the 
gauge  and  have  no  bearing  on  the  structure  of  the  shock  wave  itself. 

Die  peak  pressures  tabulated  have  been  obtained  by  averaging  these  os¬ 
cillations  out  and  extrapolating  the  mean  curve  back  to  the  arrival 
time  of  the  shock  front.  The  0.7  psi  gauge  in  canister  No.  4  appears 
to  be  considerably  over-damped,  so  that  a  longer  extrapolation  lover 
about  0.1  sec)  was  required  in  this  case,  but  the  peak  overpressure 
obtained  agrees  veil  with  that  measured  by  the  under-damped  1  psi 
gauge  on  the  same  canister.  On  canister  No.  3  and  No.  6  the  pressure 
differential  existing  between  the  sealed  reference  chambers  and  the 
ambient  atmospheric  pressure  put  the  low  range  differential  pressure 
gauges  off  scale,  so  that  no  shock  pressure  readings  could  be  obtained 
from  these  traces.  On  canister  No.  7  both  differential  pressure 
garages  were  off  scale  for  the  same  reason. 

Due  to  the  large  errors  in  the  deployment  of  the  canisters  the 
observed  peak  pressures  are  in  most  cases  only  a  small  fraction  of  the 
total  range  of  the  differential  pressure  gauges  used,  and  it  is  diffi¬ 
cult  to  estimate  the  accuracy  obtained.  Anticipating  that  about  80$ 
of  the  positive  range  of  the  lower  range  gauge  would  be  used  in  each 
case,  an  overall  accuracy  of  3$  of  the  total  gauge  range  was  considered 
acceptable.  In  the  case  of  the  +  10  psi  gauge  this  would  mean  an  al¬ 
lowable  error  of  0.6  psi,  a  value  equal  to  the  observed  peak  pressure 
at  canister  No.  1.  However,  it  is  quite  obvious  by  inspection  of  the 
trace  for  this  gauge,  shown  in  Figure  3«1»  that  the  error  in  reading 
frhn  trace  displacement  is  certainly  not  100$  of  its  maximal  value,  and 
is  very  likely  less  than  20$.  Considering  the  excellence  of  the  agree¬ 
ment  between  the  higi  and  low  range  gauge  readings  on  canisters  No.  1, 
No.  2  and  No.  4,  it  is  considered  that  the  peak  pressures  at  these 
positions  are  very  unlikely  to  be  in  error  by  more  than  +  10$.  In  the 
case  of  the  low-range  gauge  on  canister  No.  3  &  gross  error  is  suspec¬ 
ted  on  the  grounds  of  inconsistency  with  the  other  data.  For  canisters 
No.  5  and  No.  6  the  trace  displacement  is  so  small  that  the  reading 
0JTOT  is  probably  a  major  factor,  but  it  seems  unlikely  that  this 


could  be  more  than  +  3$  of  the  Indicated  peak  pressure.  Canister  So.  8 
was  still  in  the  bomb  bey  of  the  aircraft  at  the  time  of  arrival  of  the 
shock  ware,  he  a  result)  the  seise  level  was  quite  high,  amounting  to 
about  50 $  of  the  peak  shock  pressure  as  shown  by  the  traces  for  this 
canister  in  figure  3.3.  In  spite  of  this,  the  difference  between  the 
two  gauges  in  this  canister  is  only  of  the  mean  of  the  two  and  it 
probably  be  conservative  to  assrne  that  the  mean  peak  pressure  is 
reliable  to  at  least  15$. 


3.2  DWTOMINAriCB  Of  C.fflISTSE  POSITION 

• 

in  the  absence  of  sufficient  MOTS  data  for  a  complete  determina¬ 
tion  of  canister  positions  the  altitudes  and  slant  ranges  have  been  de¬ 
termined  as  accurately  as  possible  from  the  telemetered  ambient  pres¬ 
sures  shock  wave  arrival  times.  Badiosonde  temperature,  pressure. 
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and  wind  data  for  0J00  and  1000  PST  on  the  day  of  the  shot  were  sup¬ 
plied  by  the  Nevada  Test  Site  Weather  Station  and  are  given  in  Tables 
3»2»  3*3*  3*^  and  3*5»  Erom  this  data  true  altitude  vs.  pressure  was 
computed  by  the  Experimental  Weather  Station  of  the  Geophysics  Eesearch 
Division,  APCRC,  using  standard  meteorological  procedures.  3he  alti¬ 
tudes  given  in  Table  3*6  were  then  obtained  from  the  telemetered  ambi¬ 
ent  pressure  data  by  interpolating  for  the  time  of  the  shot  (0900  PST). 

The  ambient  pressure  values  are  considered  to  be  accurate  to  about  0.1 
psi,  corresponding  to  an  altitude  accuracy  of  about  +  200  ft.  at  6000 
ft.  or  +  500  ft.  at  30,000  ft.  At  30,000  ft.  there  may  be  an  addition¬ 
al  300  Tb.  uncertainty  in  the  pressure  vs.  altitude  data  used  in  the 
reduction. 

To  convert  the  observed  travel  times  into  slant  ranges  a  provi¬ 
sional  angle  of  elevation  from  ground  zero  for  each  canister  was  first 
assumed.  Expected  values  of  peak  overpressure  as  a  function  of  dis¬ 
tance  along  the  radial  lines  from  the  bomb  to  each  canister  were  then 
computed  and  used  in  conjunction  with  the  radiosonde  temperature  and 
pressure  data  to  compute  the  shock  propagation  velocity  from  the  Ean- 
kine-Hugoniot  equation. 

U  =  c/L+(6/7>(dP/P0)  (3.1) 

where  U  »  shock  front  velocity 

c  =  sound  velocity  at  the  ambient  temperature 
AP  =  peak  overpressure 
P0  =  ambient  pressure 

To  this  was  added  the  component  of  the  wind  velocity,  as  determined 
from  the  radiosonde  data,  along  the  various  radii  to  the  canisters. 

(Since  the  azimuths  of  the  canisters  from  ground  zero  were  not  accurate¬ 
ly  known,  it  was  assumed  that  the  whole  array  lay  in  a  vertical  plane 
along  the  fli^at  path  of  the  aircraft,  which  was  210°.  Canisters  No.  1 
through  No.  4  were  known  to  have  been  dropped  beyond  ground  zero  and 
canisters  No.  3*  No.  6  and  No.  7  were  short  of  ground  zero,  hence  it 
was  assumed  that  the  shot  to  canister  azimuth  was  210°  for  No.  1  through 
No.  4  and  30°  for  No.  5»  No.  6  and  No.  J,  Canister  No.  8  was  suffi¬ 
ciently  near  to  the  vertical  above  ground  zero  so  that  the  wind  compon¬ 
ent  in  this  case  was  negligible  .  Prom  the  resultant  radial  velocities  . 
the  travel  times  along  the  raiii  to  each  canister  were  computed  as  func¬ 
tions  of  distance.  These  values  were  then  converted  into  average  velo¬ 
cities  as  functions  of  time.  The  average  velocities  and  computed  radial 
distances  corresponding  to  the  observed  travel  times  for  each  canister 
are  given  in  Table  3«k.  Since  the  angles  of  elevation  corresponding  to 
ranges  altitudes  shown  in  the  table  do  not  differ  greatly  from 
those  assumed  initially,  a  second  approximation  was  not  justified  by  the 
accuracy  of  the  data.  At  these  ranges  the  computed  average  velocities  are 
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TABLE  3.3 


Wind  Data  for  0700  PST 
19  Kov  ember  1951 


Altitude 
(ft.  MSL) 

Wind 

Telocity  (knots) 

Azimuth, 

4127 

cal* 

9000 

cal* 

6000 

13 

160 

7000 

18 

170 

8000 

22 

190 

9000 

29 

200 

10000 

33 

200 

12000 

33 

210 

lMOOO 

46 

200 

19000 

59 

200 

16000 

37 

200 

18000 

33 

200 

20000 

75 

200 

21000 

83 

200 

22 


ALtitule 
(ft.  MSL) 

4127 

9000 

6000 

7000 

8000 
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Wind  Data  for  1000  PST 
19  November  1951 


Wind 

Telocity  (knots) 

Azimuth 

calm 

calm 

L_ _ — _ 

*3 

170 

20 

180 

ab 

180 

28 

200 

32 

200 

37 

200 

Mo 

210 

4i 

210 

44 

210 

63 

200 

54 

200 

57 

200 

_ 

56 

210 

_ 

60 

210 

Computed  Aver¬ 
age  Velocity 
to  Canister 
(ft/sec.) 

Slant  Barge,  £ 
(ft) 

P== 

Altitude 
(ft  above 
sea  level) 

Altitude 
(ft  above 
ground  zero) 

1277 

6530 

5980 

1780 

1263 

658O 

7640 

3440 

1216 

8310 

9070 

4870 

1191 

9670 

11890 

7690 

1153 

54010 

l4o6o 

9860 

1158 

55630 

I8920 

14720 

1100 

28000 

33280 

29080 

not  particularly  sensitive  to  the  assumed,  variation  of  overpressure  with 
distance  since  over  most  of  the  distanceAP/P0  is  a  small  quantity,  in 
indication  of  the  probable  accuracy  of  the  computed  ranges  may  be  ob¬ 
tained  from  canister  No.  8.  Since  the  calculated  slant  range  comes  oat 
to  be  less  than  tne  altitude  above  ground  as  determined  from  the  ambi¬ 
ent  pressure  data*  this  canister  must  have  been  nearly  directly  above 
ground  zero.  Die  discrepancy  of  1080  feet  is  3*8?  of  the  mean  and  this 
ia  at  leaat  as  likely  to  be  due  to  an  error  in  the  altimeter  altitude 
as  to  an  error  in  the  range  computed  from  the  travel  time.  It  is  there¬ 
fore  considered  that  the  computed  ranges  are  accurate  to  at  least  2p. 

3.3  nnaspBiaicicg  or  hesolis 

lhe  atmospheric  pressure  at  the  altitude  of  the  shot  was  12.60  psi 
so  that.  k3  a  12.60/14-.  70  =  .857  and  k  »  .950.  Die  scale  factors  A  anis( 
hare  been  computed  as  functions  of  altitude  by  numerical  evaluation 
of  the  integrals  appearing  in  eqs.  (1.6)  and  (1-7)  •  using  the  radio¬ 
sonde  meteorological  data.  Die  values  for  the  altitudes  of  the  various 
canisters  are  given  in  fable  3*7  together  with  the  values  of  f  (r)  «* 

AP /k/t  and  r  *  kAfi/S.  Ifer  canister  No.  8  the  slant  range  used  is  the 
m-pw  of  those  determined  from  idle  altimeter  and  from  the  shock  wave 
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travel  time.  The  values  used  for  the  peak  overpressures  are  the  ma^na 
of  the  readings  of  the  high  and  low  range  gauges  when  both  were  ob¬ 
tained,  except  in  the  case  of  canister  No.  3»  for  which,  as  previously 
noted,  the  reading  of  the  low  range  gauge  is  grossly  inconsistent  with 
the  other  data.  The  tabulated  values  of  f  (r)  are  plotted  against  r  in 
Figure  3*4  (circled  points).  Similarly  reduced  values  obtained  from 
surface  measurements  are  also  plotted  in  the  Figure  (triangle  points). 
Bie  latter  points  have  been  computed  from  a  tabulation  of  distances  to 
given  peak  overpressures  supplied  by  the  Armed  Forces  Special  Weapons 
Project  and  do  not  represent  the  original  data.  They  are  shown  here 
for  comparison  purposes  only. 

To  compare  the  present  results  with  small  charge  measurements  we 
use  the  data  for  pentolite  spheres  obtained  by  Stoner  and  Bleakney5. 
The  analytic  expression  which  the  authors  give  to  fit  their  data  be¬ 
comes  for  1  lb.  of  pentolite 


4P  =  1842/^+275.7/^  +31.97/r 


(3.2) 


l&ereAP  is  in  psi  and  r  is  in  feet.  If  we  take  1  lb',  of  pentolite  to 
be  equivalent  to  1.18  lb.  of  TUT  this  becomes 


Ap  =  1561/1*  +246.  S/t'+JO  .  26/r 


(3.3) 


for  1  lb.  of  THT.  This  expression  is  derived  from  experimental  data 
covering  the  range  of  overpressures  between  35  sod  1.5  psi.  According 
to  an  approximate  theory  for  small  blast  pressures  developed  by  Bethe 
and  Fuchs  ,  the  peak  pressure  should  diminish  at  long  ranges  like 


AP  =  VrVln(r/B) 


(3.4) 


where  A  and  B  are  constants.  A  numerical  expression  of  this  form  which 
joins  eq.  3*3  smoothly  at  about  1  psi  is 


AP  =  36*90/ r  Vlog#4  (r/4.467) 


(3.5) 


(Oie  values  of  A  P  given  by  equations  3*3  and  3*5  agree  to  within  0.1$ 

\n  the  range  'between  0*86  and.  1*29  psi,  within  1$  between  0*64  and.  1#7 
psi,  and  within  5$  between  0.28  and  2.§5  psi).  From  overpressure  meae- 


erical  Shock 


H. 

Lo 


>er 


PRESSURE  f(r)  =  AP/K3/z(PSI) 


PROJECT  1.3c 


Fig.  3.4  Overpressure  Function-Distance  Curve 
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TABLE  3.7 


Altitule  Correction  Scale  factors  and  Observed  Data  Seduced 
to  1  EC  at  Sea  Level  in  an  Unbounded  Homogeneous  Atmosphere 


Canister 

Ho. 

Altitude 
Above  Slot  (ft) 

a 

—  -  ■  < 

f(r)  =AP/^k 

r  =  kjB/S 

1 

1780 

1 - 

1.020 

1.007 

0.695 

4860 

2 

344) 

1.090 

1.017 

0.683 

5240 

3 

4870 

1.136 

1.034 

0.474 

6900 

3 

0.282 

4 

7690 

1.ZL2 

1.047 

0.373 

8550 

5 

9860 

1.278 

1.068 

0.033 

50400 

6 

14720 

1.447 

1.101 

0.032 

588OO 

8 

28540 

2.270 

1.335 

_ 

0.062 

47300 

urements  in  previous  atomic  bomb  tests  it  has  been  determined  that  the 
radio-chemically  determined  yield  is  not  the  same  as  the  weight  of  DEC 
that  would  produce  the  same  peak  pressure  vs.  distance  curve,  for  com¬ 
parison  with  the  present  data  we  assume  that  for  blast  pressure  a  1  EC 
nuclear  explosion  is  equivalent  to  500  tons  of  BIT,  so  that  equations 
3.3  and  3.5  become  for  1  nuclear  EC 

4?  a  1561*10*  jr*  +246. 9x10* /r>+  3026/r  (3.6) 

for  1<AP^55  psl  and 

AP  =  3690/rVTog  r  446.7  (3*7) 

forAP<l  psi.  Die  solid  curve  shown  in  figure  3*5  is  plotted  from  these 
•oppressions.  It  should  be  noted  that  the  assumption  of  a  nuclear-to-HS 
conversion  factor  of£  that  we  used  to  make  the  curve  derived  from  HE 
data  fit  the  present  observations  is  no  more  reliable  than  the  ground 
reflection  factor  of  1.8  that  we  have  assumed.  Bius  if  we  had  used  a 
ground  reflection  factor  of  1.5, a  nuclear-to-HE  conversion  factor  of  0.6 
would  have  produced  the  name  degree  of  agreement  between  the  observed 
and  computed  pressures. 
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1000 


DISTANCE 


Fig.  3.5  Overpressure  Function-Distance  Curve  Without  Canister  Altitude 
Correction 


Fig.  3,6  Overpressure  vs.  Time,  Canister  No 
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Fig.  3.7  Overpressure  vs  Time,  Canister  No 
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Fig«  3.11  Overpressure  vs  Time,  Canister  No 


CHAPTER  4 


4.1  OQUCLOSiaUS 


caucLasiaus  md  hecommeedhiciiis 


Die  operation  was  intended  primarily  as  a  preliminary  test  of 
equipment  and  techniques  in  anticipation  of  future  tests  with  a  more  ex¬ 
tensive  array  of  parachute-borne  pressure  gauges,  .Any  conclusions  that 
may  be  drawn  from  the  present  data  must  therefore  be  considered  as  ten¬ 
tative.  In  particular,  the  positions  actually  attained  by  the  canis¬ 
ters  were  very  far  from  the  intended  vertical  array  above  ground  zero 
and  were  not  such  as  to  provide  a  clear  cut  test  of  the  Fuchs  aLtitude 
correction.  For  canisters  No.  1,  No.  2,  No.  3  and  No.  4  this  correc¬ 
tion  is  of  the  same  order  as  the  estimated  error  of  the  peak  pressure 
measurements,  while  canisters  No.  5  and  No.  6  were  at  such  great  dis¬ 
tances  and  low  shock  pressure  levels  that  erratic  results  are  to  be  ex¬ 
pected  due  both  to  errors  of  measurement  and  the  effects  of  shock  ware 
refraction.  The  data  from  canister  No.  8  is  questionable  because  of 
the  relatively  high  noise  level  and  the  possibility  of  systematic  error 
due  to  shock  reflections  within  the  bomb  bay  of  the  aircraft.  With 
these  cautions  in  mind  it  is,  nevertheless,  interesting  to  note  the  ex¬ 
cellent  agreement  exhibited  in  Figure  3*4  between  the  reduced  data  from 
canisters  No.  1,  No.  2,  No.  3  and  No.  4  and  the  occiput ed  curve, 
was  derived  from  HE  data  a a  described  above,  and  which  forms  a  reason¬ 
able  extrapolation  of  the  ground  pressure  measurements.  If  the  para¬ 
chute  gauge  data  is  reduced  without  applying  the  Fuchs  correction  (i.e. , 
if  AP/k*  is  plotted  against  kfi/S)  we  obtain  the  points  plotted  in  Fig- 
ure  3.5,  which  fall  systematically  below  the  computed  curve.  It  would, 
of  course,  be  possible  to  draw  a  reasonably  smooth  curve  through  these 
point 8  and  the  ground  pressure  points,  but  this  would  produce  an  f  (r) 
curve  that  falls  off  at  large  distances  at  a  rate  considerably  greater 
than  1/r,  which  cannot  be  reconciled  with  either  experimental  EE  data 
or  theory.  Diere  is  therefore  justification  for  concluding  that  the 
present  data  support  the  Fuchs  jheory  within  the  probable  accuracy  of 
the  observations  out  to  overpressures  of  about  0.1  psi. 

4.2  BBCCMMENDmONS 

Since  the  data  obtained  in  the  present  test  are  insufficient  far  a 
definitive  test  of  the  altitude  correction  theory,  it  is  recommended 
that  further  tests  be  carried  out  using  up  to  2D  parachute-borne  canis¬ 
ters  in  an  array  distributed  symmetrically  in  the  up  and  down  wind  di¬ 
rections  from  ground  zero  and  positioned  to  cover  the  range  of  peak 
overpressures  from  about  0.15  to  4.0  psi.  ill  possible  effort  should 
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be  aade  to  perfect  the  MOTS  system  for  position  determination  so 
it  will  not  "be  necessary  to  rely  upon  aL  timeter  and  travel  time  data 
for  range  determination  in  future  tests. 

-After  satisfactory  data  has  been  obtained  from  tower  or  surface 
bursts  and  canister  positioning  techniques  have  been  perfected  it 
would  be  very  desirable  to  make  air-borne  blast  pressure  measurements 
with  an  air  burst  atomic  bomb  in  order  to  separate  the  factors  of 
equivalent  HE  blast  yield  and  ground  reflection. 


■APPENDIX  A 


RADIO  TETiTIMByPHY  INSTBlltEllTAIICIN  A£JD  CALIHEAIICG 


A.1  INSTRUMENTATION 

Pressure  measuring  instrumentation,  was  accomplished  "by  the  Paci¬ 
fic  Division  Development  Laboratories*  Bendix  Aviation  Corporation, 
Burbank,  California,  under  Contract  AF  19(122) -459*  Radio  telemetry 
instrumentation  included  the  design  and  fabrication  of  parachute- 
borne  canisters  and  receiving-recording  ground  stations.  Inatraaen- 
tation  required  the  simultaneous  measurement  of  ambient  pressure  and 
differential  pressure  at  eight  locations  vertically  above  an  atonic 
detonation. 


A.1.1  Canister  Physical  Data 

The  parachute-borne  canister  in  Figure  A.1  has  the  fol¬ 
lowing  weigit,  and  form  factors: 


Weight 

Over-all  length 


279  pounds 
86. 25  indies 


Air-frame  length 
Antenna  probe 


50.75  indies 
25.5O  indies 


Air-frame  diameter 

14  indies 

Hose  section 

450  cubic  indies 

Battery  and  power  supply 

680  cubic  indies 

Badio  Telemetry  equipment 

570  cubic  indies 

MOTS  equipment 

1470  cubic  inches 

Parachute  section 

12,0*40  cubic  indies 

In  addition,  space  was  provided  for  antenna  tuning  and  filter  units, 
cable  lines,  circulation  space  around  the  equipment  sod 
mounting  frames.  The  canisters  were  weighted  with  lead  plates  so 

the  CO-  fell  cpproximately  midway  between  the  two  bomb  shackle  lugs 
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A.1.2  Canister  Radio  Telemetry  Instrumentation 


A  block  diagram  of  the  radio  telemetry  instrumentation  con¬ 
tained  in  the  parachute-borne  canister  is  shown  in  Figure  A. 2.  Die  sys¬ 
tem  operated  on  the  principle  of  IM/IM  and  consisted  of  a  pressure  pick- 
tp  probe*  two  differential  pressure  transducers  of  different  range*  a 
pressure  altimeter  transducer,  three  sub-carrier  oscillators  of  differ¬ 
ent  frequency,  a  crystal  controlled  M  oscillator*  a  differential  pres¬ 
sure  reference  chamber  and  associated  parts* 

Prior  to  deployment  of  the  canister  from  the  aircraft,  the 
equipment  was  internally  preheated  by  thermostatically  controlled  strip 
heaters  strategically  located  in  the  air  frame  to  maintain  operating 
temperature  of  vital  components  during  high  altitude  flight.  The  elec¬ 
tronic  equipment  was  powered  by  the  aircraft 1  s  power  system  and  con¬ 
trolled  at  a  switch  panel  in  the  aircraft.  During  check-out  procedure 
voltages  and  currents  were  monitored.  At  the  instant  of  deployment  the 
canister  electronic  equipment  was  automatically  switched  to  the  internal 
canister  battery  and  the  sequence  timing  motor  was  started.  Die  canis¬ 
ter  was  deployed  on  a  six  (b)  foot  fist  ribbon  parachute  using  the  stan¬ 
dard  static  line.  Die  terminal  rate  of  descant  was  equivalent  to  135 
feet  per  second  at  sea  level.  At  a  predetermined  time  after  deployment 
a  relay  was  actuated  by  the  sequence  timing  motor  which  applied  power 
to  fire  a  squib  cutter.  The  cutter  released  the  28-foot  parachute  which 
redxued  the  rate  of  descent  to  an  equivalent  22  feet  per  second  at  sea 
level.  During  this  time  the  pressure  in  the  reference  chamber  increased 
and  the  altimeter  data  was  telemetered  to  the  ground  receiving-recording 
station.  Die  acoustic  impedance  Ho.  1  produced  no  appreciable  lag  in 
the  pressure  time  characteristics  of  the  system  since  the  rate  of  change 
of  pressure  during  the  descent  on  the  28— foot  parachute  was  extremely 
slow  compared  to  the  time  constant  of  the  inpedance.  Within  ten  seconds 
of  the  arrival  time  of  the  blast  wave  a  second  relay  was  actuated  by  the 
sequence  timing  motor.  Diis  relay  circuit,  in  series  with  the  power 
source,  blast  switch  and  solenoid  valve,  aimed  the  blast  switch. 

On  arrival  of  the  blast  wave,  the  blast  switch  was  actuated 
and  closed,  completing  the  circuit  to  the  solenoid  valve  thus  sealing 
the  pressure  in  the  reference  chamber.  Diis  pressure,  as  recorded  by 
the  altimeter,  was  the  reference  pressure  value  for  the  differential 
pressure  gauges.  The  blast  pressure  was  transmitted  throu^i  the  omni¬ 
directional  spherical  pickup  probe  to  the  transducers.  Die  differential 
pressure  transducers  were  activated  by  the  blast  wave  and  produced  the 
corresponding  frequency  shift  in  the  sub-carrier  oscillators.  Die  out¬ 
put  of  the  three  sub-carrier  oscillators  were  mixed  and  the  conposite 
wave  tbAn  frequency  modulated  the  higi  frequency  carrier  oscillator. 

Die  resultant  JM/lM  carrier  was  transmitted  via  radio  link  to  the  re¬ 
ceiving-recording  ground  station. 
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Hominal  frequency  response  capabilities  of  the  three  sub¬ 
carrier  channels  used,  in  each  canister  radio  telemetry  system  were  as 
follows: 

Qaannel  Junction 


7*35  KE  Altitude 

ID. 5  £C  Differential  pressure,  high  range 

14.5  KC  Differential  pressure,  low  range 

Table  A.1  shows  the  specific  types  of  equipment  instrumented  in  the  can¬ 
ister. 

A.1. 3  Ground  Badlo  Telemetry  Instrumentation 

The  ground  receiving-recording  radio  telemetry  station  con¬ 
sisted  of  eigit  receiver-recorder  sections,  one  section  for  para¬ 
chute-borne  canister  as  shown  in  ligure  JL3»  Sash  section  contained  a 
3M  receiver  tuned  to  the  carrier  frequency  of  the  particular  canister. 
The  output  of  the  2M  receiver,  a  mixture  of  the  original  three  2M  sub- 
carrier  frequencies,  was  channeled  to  filters  adjusted  to  pass  a  fre¬ 
quency  band  commensurate  with  and  centered  on  the  quiescent  frequency 
of  the  particular  sub-carrier.  The  output  sisals  were  separately  con¬ 
nected  to  sub -carrier  discriminators  which  produced  a  varying  current 
proportioned  to  the  original  pressure  stimulus.  Die  output  signals  were 
then  cpplied  to  appropriate  deflecting  galvanometers  of  the  recording 
oscillograph.  Two  Consolidated  Model  5“H^-P4  recording  oscillogr^hs 
were  connected  in  parallel  to  obtain  a  recording  on  Eastman  Li  nograph 
type  809  peper  at  a  recording  speed  of  1.8  inches  per  second  and  a  re¬ 
cording  speed  of  21.6  indies  per  second.  Die  galvanometers  used  in  all 
oscillographs  were  Midwestern  Geophysical  Laboratory  Model  107-dOO. 

These  galvanometers  had  an  undamped  natural  frequency  of  4X)  cps  but 
were  magnetically  damped  to  60  per  cent  of  critical  damping. 

Two  antennas  were  mounted  on  20-foot  masts  at  opposite  cor¬ 
ners  of  the  trailer.  Each  antenna  consisted  of  two  folded  dipoles  each 
with  a  reflector  and  director,  spaced  approximately  one-half  wave 
length  apart.  The  antennas  were  mounted  in  a  vertically  polarized  di¬ 
rection  and  were  capable  of  being  electrically  trained  thxougi  180  de¬ 
grees  of  azimuth  and  approximately  100  degrees  of  elevation,  controlled 
from  inside  the  trailer.  A  special  coupler  was  employed  iddch  allowed 
iw*  antenna  to  be  connected  to  four  receivers.  The  gain  of  the  anten¬ 
na  and  the  loss  of  the  coupler  were  such  that  an  over-all  gain  was  real¬ 
ized  for  each  receiver  over  that  which  might  be  obtained  with  each  re¬ 
ceiver  operated  from  a  separate  dipole  antenna* 

Dxe  operational  trailer  contained  two  sets  of  identical 
equipment  located  on  opposite  sides  of  the  trailer  interior.  Each  set 
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220  cps 
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of  equipment  consisted  of  four  receivers,  four  f ilt er-anplif  ier  chassis, 
twelve  discriminators,  four  low-pass  filter  chassis,  one  monitor  panel, 
one  oscillograph  control  panel  and  two  consolidated,  recording  oscillo¬ 
graphs.  The  combined  equipment  of  both  sides  of  the  trailer,  the  anten¬ 
nas  and  a  common  voltage  regulator  unit  were  sufficient  to  receive  and 
record  the  radio  telemetry  data  from  the  eigit  parachute-borne  canisters. 

JL2  CALTHRATIQH 


The  receiving  station  Instrumentation  was  calibrated  by  feeding  a 
series  of  standard  audio  frequency  signals  to  appropriate  sectional  dis¬ 
criminators.  Nine  standard  frequencies  were  fed  into  a  group  of  four 
discriminators  having  center  frequencies  of  7*350  ED.  Another  series  of 
nine  frequencies  were  fed  into  a  group  of  10. 5  EC  discriminators  and 
likewise  with  the  14.5  EC  discriminators.  Hhe  frequency  values  were 
such  that  they  covered  the  range  of  the  discriminators,  l.e.  +Jpb  of  cen¬ 
ter  frequency.  The  values  of  the  calibrating  frequencies  used  far  each 
group  were: 
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each  transducer,  covering  the  entire  range  of  each  pickup.  Die  frequen¬ 
cy  of  the  sob-carrier  oscillator  connected  to  the  transducer  was  record¬ 
ed  and  a  calibration  curve  of  frequency  versus  transducer  function  was 
plotted. 

A.  3  Pm.  HEDPCTICN  PBOCEDOBC 

$7  use  of  the  aforementioned  discriminator  and  transducer  calibra¬ 
tion  curves,  a  correlation  between  transducer  function  values  and  gal¬ 
vanometer  deflection  values  was  obtained.  These  data  were  tabulated 
for  each  common  value  of  frequency.  Curves  were  then  plotted  for  trans¬ 
ducer  function  versus  galvanometer  deflection  for  a«A  telemetered  chan¬ 
nel  of  each  canister.  Die  curves  were  used  to  obtain  scales  whidi  were 
calibrated  in  terms  of  the  function  to  be  measured. 
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MULTIPLE  OBJECT  TRACKING-  INSTHtMENTAII ON  AND  CALIBRATICII 
B.l  INSTBXKENTATIQN 


Hie  instrument  at  ion  used  to  track  the  ei^it  parachute-home  canis¬ 
ters  vaa  developed  by  the  Glenn  L.  Martin  Company,  Baltimore,  Maryland, 
under  Contract  AS1  19(122) -4£0.  The  system  is  "based  on  the  triangulation 
of  range  measurements  determined  from  each  of  three  or  more  ground  based 
interrogating  stations  to  the  airborne  beacon  responder  unit.  Hie  sys¬ 
tem  is  capable  of  tracking  thrity-two  canisters,  however,  only  eight 
par hchut e-boroe  canisters  were  deployed.  A  picture  of  the  airborne  bea¬ 
con  is  shown  in  Figure  B.l  and  the  ground  station  is  shown  in  Figure  B.2 

A  block  diagram  of  the  airborne  and  ground  station  system  is  shown 
in  Figure  B.3.  A  one  second  timing  signal  initiated  the  operation  of 
the  .synchronizer-coder  through  a  station  delay  which  proportioned  the 
operating  cycle  of  each  ground  station  over  a  portion  of  the  one  second 
interval.  Hie  synchronizer-coder  generated  a  code  train  consisting  of 
a  start  pulse,  a  five  digit  binary  code  and  a  range  pulse.  Hiis  coda 
train  modulated  the  transmitter  and  also  opened  a  range  gate  circuit  in 
the  range  oscillator.  When  the  range  gate  was  opened  the  output  of  the 
range  oscillator,  9*836  MC,  was  fed  into  a  twelve  digit  binary  counter. 

lhe  transmitted  code  train  was  received  by  all  airborne  beacon  re¬ 
ceivers  and  was  passed  to  the  decoder.  Each  decoder  was  designed  for  a 
selected  binary  number  so  that  it  differentiated  between  the  selected 
number  and  all  others  so  as  to  excite  the  modulator  only  when  the  selec¬ 
ted  number  occurred.  When  the  selected  number  was  received  the  decoder 
excited  the  modulator  which  pulse  modulated  the  beacon  transmitter.  The 
beacon  transmitter  response  pulse  was  then  transmitted  to  the  ground 
station  receiver  and  then  to  tae  range  timer  which  turned  off  the  range 
gate.  During  the  interval  between  the  ground  station  transmission  of 
the  range  pulse  of  the  code  train  and  the  reception  of  the  beacon 
pul se,  the  binary  counter  had  counted  the  number  of  cycles  of  the  9*836 
MC  range  oscillator.  Hie  number  of  counts  being  a  function  of  the  range 
from  the  airborne  responder  beacon  to  the  ground  interrogating  station 
vaa  recorded  with  the  selected  binary  code  number.  A  reset  pulse  resets 
the  counters  to  zeros  for  the  next  code  train. 

When  one  ground  interrogating  station  couplet ed  the  cycle  of  thir¬ 
ty-two  code  trains  and  ranged  on  the  airborne  responder  beacons,  smother 
ground  station,  delayed  an  appropriate  time,  initiated  its  cycle.  Each 
ground  station  interrogated  all  beacons  during  the  allocated  time  of 


Fig.  6.1  Airborne  Beacon 
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the  one  second  Interval  and  the  entire  process  repeated  during  each  suc¬ 
cessive  second  of  time. 

The  system  was  designed  to  nave  a  maxi mum  static  range  accuracy  of 
+  50  feet  and  a  maximum  range  of  2)4,800  feet.  The  position  of  the  air¬ 
borne  beacon  located  in  the  parachute-home  canister  was  based  on  methods 
of  triangulation  from  the  range  data  obtained  at  each  ground  station. 

B.2  CALIBRATION 

A  ground  sub-station  containing  a  beacon  similar  to  the  airborne 
beacon  was  established  northwest  of  ground  zero.  A  survey  was  made  to 
obtain  the  accurate  slope  range  from  each  MOTS  ground  station  to  the 
ground  sub-station.  During  the  Operation  JANGLE  the  sub-station  was  con¬ 
tinuously  interrogated  by  each  MOTS  station.  A  comparison  of  range  read¬ 
ings  from  each  MOTS  station  to  the  sub-station  with  the  known  range  estab¬ 
lished  the  inherent  delays  or  effective  range  error  of  each  ground  station. 
This  range  error  was  then  applied  as  a  correction  factor  to  the  range  data 
obtained  from  the  parachute-borne  canisters. 
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mathematical  symbols 

peak  overpressure  vs.  distance  function  for  1  ET  yield 
slant  range 
altitude 
yield  of  "bomb 

altitude  of  bomb  detonation 
free  air  peak  overpressures 
scaling  factor  *  v*^ 

Sach1 s  scale  factor 
atmospheric  pressure  at  altitude  z 
atmospheric  density  at  altitude  z 
sound  velocity  at  altitude  z 
atmospheric  pressure  at  altitude  h 
atmospheric  density  at  altitude  h 
sound  velocity  at  altitude  h 
absolute  temperature  at  altitude  z 
absolute  tenperature  at  altitude  h 
Fuchs  scale  factors 
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1.2  Method  of  Obtaining  Data 
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abstract 


Beoor&a  of  air  orerpraaaure  reraua  tin*  vara  made  at  eaeeatlally 
gronnd-lerel  a tat Iona  for  Both  anrfaca  and  underground  atoalo  explo alone 
of  approximately  ona  kilo  ton  yield,  aa  part  of  Operation  JAKUJ  in 
■oraafcer  1961.  Per  the  eurface  shot  aereral  lnatruaenta  vara  plaoad  on 
a  line  extending  froa  an  OTarpraaaura  region  of  18  pai  to  a  region  of 
laaa  than  ona  pal;  the  air  neaanreaenta  for  the  underground  shot  ranged 
froa  82  to  2  pai. 
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3he  responsibility  of  Project  1.4  was  to  reoord  the  pressure-time 
wave  fora  of  the  air  blast  at  stations  throughout  the  areas  where 
structural  damage  was  to  be  Investigated.;  measuring  stations  were  to  be 
set  up  along  a  radius  (the  major  blast  line)  from  the  predicted  edge  of 
the  crater- throwout  to  a  pressure  region  of  approximately  2  pel.  The 
measuring  system  was  to  have  an  over-all  response  of  600  ops  or  better 
and  an  accuracy  of  5  per  cent. 

Although  not  a  part  of  the  mission  assigned  to  Projeot  1.4,  a  rough 
examination  of  the  symmetry  of  the  divergent  air  shock  wave  was  made  by 
means  of  Haval  Ordnance  laboratory  lndenter  gauges.* 


1.2  METHOD  OF  QBIA1JHVG  Pim 


Dree  air  pressure  was  measured  along  the  ground  from  an  over  pressure 
region  of  13  psl  to  a  region  of  less  than  one  psl  on  the  surface  shot  and 
from  32  to  2  psl  on  the  underground  shot.  All  pressure  measurements  were 
made  by  means  of  Viancko  pressure  gauges  except  that  for  the  4,200  foot 
station  which  was  made  by  means  of  a  self  recording  Interferometer  gauge. 


In  general  two  Viancko  gauges  were  used  at  eaoh  instrument  station 
to  obtain  duplicate  pressure  measurements.  Data  transmission  from  each 
gauge  Me  effected  either  by  a  wire  link  or  by  a  radio  telemeter  link. 
Unless  otherwise  noted,  the  data  presented  in  Tables  3.1  and  3.2  were 
transmitted  over  a  wire  link. 


All  wire-link  ohannels  have  an  over-all  system  frequency  response 
which  is  flat  from  0-600  ops  while  the  radio  telemeter  channels  have  an 
over-all  system  frequency  response  which  is  flat  from  0  -  1,600  ops.  She 
linearity  of  both  systems  was  within  1  per  oent.  Signal  amplitudes  for 
the  wire- link  channels  were  approximately  twice  those  of  the  radio  tele¬ 
meter  channels. 


•Surfer,  P.  Operation  SAHDSSOXB,  Part  11,  Oh  9,  Tol  21,  1948 
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At  the  time  of  detonation  a  hurst  of  noise  occurred  on  all  channels 
(figure  3.1) ,  and  the  beginning  of  this  burst  of  noise  was  used  as  zero 
for  the  time  base. 

To  examine  the  symmetry  of  the  divergent  air  shock  wave  five  instru¬ 
ment  stations  consisting  of  four  Haval  Ordnance  laboratory  indent er  gauges 
each  were  placed  on  the  circumference  of  a  circle  having  a  radius  of  1,700 
feet  about  ground  zero.  For  the  underground  shot  four  instrument  stations 
consisting  of  four  indenter  gauges  each  were  placed  on  the  circumference 
of  a  circle  having  a  radius  of  1,200  feet  about  ground  zero. 


locations  of  all  instrument  stations  for  the  surface  and  underground 
shots  with  respect  to  ground  zero  are  shown  in  Figures  1.1  and  1.2. 
Instrumentation  is  discussed  in  Section  2. 


Fig.  1.1  Surfaoe  Shot  Flan 
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Tig.  1.2  Underground  Shot  Plan 
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STATION 


Tor  olose-in  pressure  measurements,  variable-reluctance  gauges 
manufactured  by  feho  Vlancko  Corporation  were  chosen  for  two  reasons.  The 
Weapons  Xffeots  Department  of  Sandla  Corporation  made  an  extensive  survey 
of  the  entire  field  of  pressure-measuring  Instruments  In  connection  with 
participation  In  Operation  0BBBH0US1.*  It  was  found  that  the  Wlanoko 
type  3-PAD  exhibited  desirable  characteristics  for  this  type  of  operation, 
namely,  short  rise  time  with  adequate  damping,  good  response  to  near  static 
pressures  such  as  occur  la  the  negative  phase  of  a  shock  wave,  high-level 
signal,  and  relatively  little  response  to  acceleration,  the  last  character¬ 
istic  indicated  that  the  Wiancko  gauge  would  be  an  excellent  choice  for 
Operation  JA1G2J  since  large  accelerations  resulting  from  earth  shock  were 
anticipated.  Moreover,  the  variable-reluctance  gauge  readily  lends  itself 
to  applications  involving  carrier  current  systems  such  as  the  Consolidated 
System  D**  equipment  available  at  the  Sandla  Corporation. 

Bie  second  reason  for  choosing  the  Wiancko  gauge  was  its  availability. 
▲  number  of  these  gauges  were  procured  for  Operation  OBXSSHOUSS.  The  gauges 
were  returned  from  the  Faoifio  Proving  Grounds  in  time  for  use  in  the  Novem¬ 
ber  tests.  Bnts  the  choice  of  this  gauge  gave  a  satisfactory  solution  to  a 
major  legistlo  problem  of  procurement  without  further  overloading  instrument 
manafaeturers. 

She  Wiancko  gauge  oonslsts  of  a  twisted  Bourdon  tube,  an  iron  vane,  a 
small  £»ooll,  and  the  associated  canister  necessary  to  support  and  house 
these  components.  She  Iron  vane  is  mounted  on  the  free  end  of  the  Bourdon 
tube  and  oriented  in  such  a  way  that  the  twist  of  the  Bourdon  tube  gives 
rise  to  an  angular  motion  of  the  vane,  thus  increasing  the  inductance  of 
one  leg  of  the  B-coil  while  decreasing  the  inductance  of  the  other. 

Northrop*  has  given  a  complete  description  of  the  Wiancko  gauge. 

Since  a  relatively  small  number  of  the  available  gauges  was  required 
for  Operation  JAJGLN,  it  was  possible  to  give  considerable  attention  to 
selecting  those  gauges  having  optimum  characteristics.  To  determine  the 
gauges  having  the  best  characteristics,  a  conventional  four-arm  indue tanoe 
bridge  was  employed  in  which  the  Wiancko  X-eoils  formed  the  two  adjacent 
aetlve  arms.  Bis  bridge  was  exeited  from  a  10-ke  source,  and  provision 

•  Northrop,  P.  A.,  Operation  GBXSHH0US1,  Scientific  Directors  Beport, 

Annex  3,  4,  Part  1,  fch  1,  1961. 

**8tatlo-Dyaanlo  according  Measurement  System  D,  Consolidated  Nngineerlng 
Corporation,  Pasadena,  California. 
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was  Bade  for  amplitude  and  phase  balance  of  the  bridge*  Application  of 
pro* rare  to  the  gauge  resulted  in  a  bridge  unbalance  proportional  to  the 
applied  pressure.  Pressure  standards  were  Wallace  and  Tiernaa  aneroid- 
type  gauges  and  Heine  Bourdon-tube  gauges  which  were  calibrated  by  the 
Bundle  Corporation  Standards  laboratory. 

Using  this  system,  a  linearity  check  was  made  of  all  gauges.  The 
output  of  the  bridge  was  observed  as  pressure  was  changed  from  atmospheric 
(sero)  to  the  maximum  gauge  rating  and  back  through  zero  to  a  negative 
pressure  approximately  one  fourth  the  maximum  gauge  rating.  Calibration 
curves  relating  output  and  pressure  were  drawn,  and  from  these  the  per¬ 
centage  deviation  from  linearity  was  determined.  These  calibration  runs 
were  repeated  from  time  to  time  to  check  repeatability.  At  the  same  time 
the  sensitivity  and  hysteresis  of  the  gauge  were  determined.  A  catalog 
was  made  of  the  gauge  sensitivities,  and  the  most  sensitive  gauges  were 
reserved  for  those  positions  in  which  the  expected  peak  overpressures  were 
relatively  sail  (1/6  to  l/2  of  the  maximum  gauge  ratings)* 

In  general  all  gauges  were  within  the  specified  manufacturer ' s  toler¬ 
ances  of  less  than  1.6  per  cent  of  the  measured  pressure  with  respect  to 
total  hysteresis,  drift,  nonrepeatability,  and  nonlinearity* 


After  a  study  of  climatologloal  data  for  the  Wevada  Test  Site  it  was 
decided  that  the  gauges  should  be  from  60  to  90  (76  nominal)  per  cent 
critically  damped  at  a  temperature  of  40°T*  Moreover,  the  damping  should 
remain  essentially  the  same  over  a  range  extending  from  20°  to  60®I  if 
possible*  Various  mixtures  of  silicone  oils  were  tried  and  rejected  be¬ 
cause  their  use  led  to  extreme  over damping.  The  best  results  were  obtain¬ 
ed  by  applying  a  small  amount  of  Sow-Corning  SC-4  silicone  grease  between 
the  armature  and  the  damping  plate  secured  to  the  core  of  the  S-coll* 

Actual  temperature  measurements  at  the  test  site  on  surface  and  underground 
shot  dsys  showed  the  20°  to  60°T  range  to  be  adequate* 
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To  facilitate  the  damping  adjustment,  a  special  damping  Jig  was 
constructed  (Tig*  2.1)  in  which  air  under  pressure  is  introduced  into  a 
reservoir  enclosed  by  one  or  more  sheets  of  cellophane.  When  the  desired 
pressure  is  reached,  the  cellophane  is  punctured,  and  a  rapid  decrease  of 
pressure  results.  The  Bourdon- tube  assembly  is  clamped  in  the  Jig  in  such 
a  way  that  the  reservoir  pressure  is  applied  to  the  tube  while  the  armature 
and  damping  plate  are  accessible  to  the  operator.  Both  rise  time  and  damp¬ 
ing  can  be  determined  from  an  analysis  of  the  photograph  of  the  gauge  re¬ 
sponse  as  presented  on  an  oscilloscope  screen.  Provision  was  made  for  the 
synchronization  of  the  cellophane  puncture  with  the  start  of  the  oscillo¬ 
scope  trace. 

When  DCU4  grease  is  used  as  the  damping  agent,  a  gauge  properly 
damped  at  40°T  has  an  overshoot  of  about  15  per  cent  at  76°T.  The  gauge 
and  damping  Jig  were  plaeed  in  a  Bowser  pressure-temperature  chamber 
operated  by  the  Hectro- Mechanical  Test  Department  of  Sandla  Corporation. 
She  gauge  response  was  examined  at  10°  steps  from  70°  to  0°T.  Intervals 
varying  from  one-half  to  one  hour  were  required  for  thermal  equilibrium 
at  each  step.  She  relative  humidity  was  held  constant  at  14  per  cent. 

The  shift  in  the  balance  point  and  changes  in  sensitivity  were  negligible 
over  this  temperature  range. 
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Analysis  of  the  oscillographs  of  the  dynamic  responses  of  the  gauges 
at  these  temperatures  showed  that  the  gauges  were  somewhat  overdamped  at 
20°F  and  somewhat  under damped  at  50°F.  When  10-pai  gauges  were  checked 
dynamically  in  the  Bowser  chamber*  the  damping  ranged  between  ,'j  and  SO 
per  cent  critical  at  4o°F,  and  a  rise  time  of  0.40±  0.10  msec  to  95  per 
cent  of  the  final  pressure  was  observed.  Thus  it  was  concluded  that  this 
damping  criterion  was  justified,  i.e.,  the  damping  should  allow  a  15  per 
cent  overshoot  at  75°?. 

Figure  2.2  gives  a  representative  trace  from  the  oscillographic 
record  of  the  surface  shot.  An  average  curve  drawn  through  the  overshoot 
and  the  noise  envelope  is  superimposed  on  this  record.  The  intersection 
of  this  curve  with  a  vertical  line  drawn  from  the  point  of  initial  trace 
deflection  was  taken  as  the  peak  overpressure.  Subsequent  points  were  also 
obtained  from  the  average  curves  on  those  channels  in  which  the  signal- 
to-noise  ratio  was  low. 


2.2  PIPS  PRQBB 

The  design  of  a  baffle  for  measuring  true  'free  air1  pressures  was 
originally  predicted  on  Operation  WINDSTOBM  using  a  nominal  A-bomb.  For 
convenience  the  tested  and  accepted  full-scale  baffle  was  used  for 
Operation  JANQLi. 

A  search  was  made  for  a  stationary  platform  that  would  not  change 
attitude  as  a  result  of  blast  buffeting  or  the  ground  motion  anticipated 
from  the  burst  of  a  full-scale  weapon.  The  baffle  which  seemed  to  fill 
the  requirements  best  was  a  one-dimension  baffle  having  a  large  fineness 
ratio  and  supported  at  the  extreme  ends  to  minimize  pitch  angle  variation 
resulting  from  ground  motion  (Fig.  2.3).  By  using  a  4-ft  support  an  added 
advantage  was  realized  in  that  measurements  were  made  in  the  medium  where 
the  affects  of  surface-flow  anomalies  were  less  pronounced.  The  use  of 
6-inch  steel  pipe  provided  a  rigid  structure  having  a  convenient  mounting 
spaoe  (inside  the  pipe)  for  electronic  gear.  Using  a  20-ft  length  of  pipe 
in  which  the  sensing  element  is  at  the  top  center  of  the  span,  calibration 
teste  were  made  using  high- explo s ive  charges  as  great  as  1.6  tons  of  TNT. 

No  detectable  discrepancy  existed  between  measurements  made  using  Wiancko 
garages  in  the  pipe  baffle  and  mounted  flush  with  the  ground  in  a  plane 
baffle.  These  data  agreed  within  1  per  cent  with  interferometer  gauge* 
readings  from  the  same  distance. 

Choice  of  footings  for  the  pipe  was  made  on  the  basis  of  observations 
from  previous  tests,  where  permanent  displacements  were  noted  in  the  earth's 
surface  near  large  craters.  Consequently  the  front  leg  of  6-inch  pipe  was 
welded  to  a  foot  18  inohes  in  diameter  and  buried  to  a  depth  of  4  feet. 

The  rear  leg  rested  on  the  ground  and  terminated  in  a  sled  runner  to  permit 
surface  motion.  „ 
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The  face  of  th*  Viancko  gauge  was  contour sd  to  conform  to  tha  surfaoa 
of  tha  pipe.  411  gauges  facad  up  slnoa  tha  pipa  was  aiora  likely  to  change 
orlantation  because  of  yaw  than  because  of  pitch  and  sine a  it  was  daairabla 
to  stay  as  far  away  from  ground- roughness  perturbations  as  possible. 


2.3  IttrBUTBBOMSUa  QADOBS 

Self-recording  intarfaroaatar  gauges  ware  installed  at  distances  from 
surface-shot  ground  sero  at  which  tha  anticipated  radiation  laral  was 
sufficiently  low.  To  further  minimise  radiation  affects  and  to  pzoTi&e 
air-baffling  for  such  bulky  equipment  the  gauges  were  buried  flush  with  the 
earth  (fig.  2.4). 
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Linagraph  Ortho  35-ma  film  in  100-ft  spool*  was  chosen  as  the  recording 
medium  because  of  its  high  contrast,  relative  low  sensitivity  to  radiation 
contamination,  and  availability,  vats  conducted  by  the  Bureau  of  Standards 
using  1,400— fcv  X-radiation  indicate  that  data  could  be  easily  reduced  after 
e  20— r  radiation  dose  and  could  be  reduced  with  some  accuracy  even  after  a 
40-r  dose. 

Using  quartz  sensing  elements  having  a  maximum  range  of  3  to  5  P*i 
and  a  recording  speed  of  30  “40  ft/sec,  a  system  response  in  excess  of 
2000  cps  was  assured. 

The  control  system  used  for  the  interferometer  received  a  turn-on 
signal  and  a  1000-cpe  timing  pulse  from  the  manned  station,  delivered  over 
one  pair  of  W-11Q-B  wires  serving  all  gauges.  The  coffin  for  each  gauge 
contained  batteries  and  delay-time  relays  set  to  Insure  film  operation  at 
the  correct  time.  Ho  tie-in  to  zero  time  or  time  correlation  to  the  other 
recorder  system  was  effected. 

Two  interferometer  gauges  were  the  only  instrumentation  employed  at 
each  3*100  and  4,200-ft  station  for  the  surface  shot.  Since  the  radiation 
hazard  to  film  was  undetermined,  one  additional  gauge  was  installed  at 
both  2,300  and  1,700  feet  to  establish  the  marginal  point  for  operation 
of  the  underground  shot.  However,  results  from  the  surface  shot  were  so 
discouraging  (extensive  contamination  made  data  reduction  impossible  even 
at  3*100  feet)  that  the  system  was  scrapped  for  the  underground  shot  and 
the  remote-recording  Viancko  equipment  used  throughout. 

2,4  THDBHTNR  QAUQIS 

A  complete  description  of  the  Naval  Ordnance  Laboratory  indenter 
gauges  vised  by  this  project  is  given  In  the  final  Report  of  Operation 
SANDST0H1,  Part  ZX,  Chapter  9*  Volume  21,  1948,  Ho  attempt  was  made  to 
baffle  the  gauges.  The  assembled  instruments  were  installed  flush  with 
the  ground  on  steel-stake  mounts. 


2,5  TRANSMISSION  AND  RBOORPINQ  SYSTPt 

70 r  the  surface  shot,  two  parallel  intelligence-transmission  systems 
were  used.  At  each  pressure-measuring  station,  two  pipe  probes  were  spaced 
so  as  to  minimize  the  danger  of  missile  damage,  (A  single  pipe  probe  was 
located  at  500  feet,  but  no  record  was  obtained,)  One  probe  was  linked  by 
radio  telemetering  equipment  to  a  manned  X35  trailer  outfitted  as  a  mobile 
recording  laboratory.  The  other  probe  was  linked  to  the  same  trailer  by 
twisted-pair  steel-copper  telephone  cables  (Signal  Corps  W-110-B).  five  such 
instrument  stations  were  spaced  logarithmically  from  680-2,  300  feet.  The 
positions  of  these  stations  relative  to  ground  zero  sure  given  in  figure  1,1, 
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Tor  the  underground  shot  eight  instrument  stations  were  spaced  log¬ 
arithmically  from  314-3,  100  feet.  The  positions  of  these  stations  relative 
to  ground  zero  are  given  in  Tigure  1.2.  Single  pipe  probes  were  used  at 
each  of  the  other  stations.  Radio  telemetering  was  used  only  at  the  1,700- 
ft  station  since  preliminary  evaluation  of  the  surface  shot  data  led  to  the 
conclusion  that  the  wire  link  was  more  reliable.  The  pipe  probe  at  300  feet 
contained  two  Viancko  gauges  in  the  wire  link,  one  at  498  and  one  at  500 
feet. 


2.5.1  Wire  Transmission  System 

A  Static-Dynamic  Recording  Measurement  System  D,  manufactured 
by  the  Consolidated  Engineering  Corporation,  was  used  to  excite  the  Viancko 
gauge  and  demodulate  the  returning  signal.  The  Consolidated  equipment  pro¬ 
vides  a  3000-cpa  carrier  and  a  means  of  null-balancing  the  return  carrier 
both  in  magnitude  and  phase.  The  Consolidated  equipment  was  located  in 
the  K35  trailer,  five  miles  west  of  the  blast  areas. 

Signal  Corps  Type  W-110-B  field  telephone  cable  was  used  to 
carry  the  carrier  wave  to  the  gauge  and  to  return  the  modulated  signed 
to  the  recording  equipment. 


The  equipment ,  which  was  located  in  probes  using  this  wira- 
linked  system,  consisted  of  the  gauge  and  a  coupling  unit.  A  circuit 
diagram  of  this  equipment  is  shown  in  Figure  2.5. 


UTC-AJO 


Wiancko  gauge 


Hg,  Cc:  Calibration 
component* 


ce 


Fig.  2.5  Coupling  Unit 
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B actus*  of  th*  unusually  long  lines  used  with  th*  Consolidated 
equipment  and  th*  necessity  of  employing  a  carrier  generator  haring  very 
low  output  impedance,  a  3000-cps  30-watt  amplifier  was  used  to  deliver  at 
least  a  6-volt  carrier  to  th*  gauge. 

A  simulated  pressure  was  obtained  for  calibration  purposes  by 
■sans  of  a  relay  in  the  coupling  unit.  The  relay  inserted  fixed  electrical 
component*  into  the  bridge  circuit  and  caused  an  unbalance  equal  to  that 
which  would  reeult  from  a  known  applied  pressure.  The  calibration  pressures 
were  based  upon  pressures  predicted  by  Stanford  Reeearch  Institute. 

following  the  original  calibration  in  the  instrument  trailer, 
the  coupling  unit  was  installed  in  the  probe  and  the  calibration  checked 
by  applying  preesure  using  a  hand  pump. 

The  deoision  to  replace  the  telemetering  system  by  the  wire 
eye  ten  for  th*  underground  shot  required  further  modification  of  th* 
measuring  system.  Ibur  carrier  lines  supplied  four  gauges  directly  from 
th*  carrier  amplifier.  A  second  amplifier  at  8000  feet  from  ground  sero 
supplied  th*  remaining  eight  gauges,  each  of  which  had  a  separate  carrier 
line. 


In  addition,  a  single  tub*  amplifier  was  placed  in  each  signal 
return  line  at  a  distance  of  approximately  UoOO  feet  from  ground  sero. 

It  was  found  that  the  Consolidated  equipment  did  not  provide 
a  sufficient  degree  of  adjustment  to  bring  the  outgoing  and  return  carrier 
into  phase.  To  overcome  this  difficulty  a  phase  control  was  inserted  in 
the  grid  input  of  the  signal  line  aaplifier.  This  adjustment,  with  that 
on  th*  Consolidated  equipment,  gave  the  necessary  degree  of  oontrol. 

A  linearity  check  of  the  entire  system  from  gauge  to  galva¬ 
nometer  was  made  less  than  twelve  hours  before  each  shot. 

2.3.2  Radio  Telemeter  System 

Simplicity  and  availability  of  equipment  were  the  prlmaxy 
considerations  which  resulted  in  the  choice  of  an  AK-VK  radio  telemeter 
system.  The  VI  sacks  gauge  was  used  in  the  usual  four-arm  inductance 
bridge.  To  indicate  preesure  polarity,  provision  was  mad*  for  operation 
with  some  unbalance  of  th*  bridge  circuit. 

Th*  bridge  was  excited  by  a  10-kc  subcarrier  osolllator.  Th* 
magnitude  of  the  bridge  unbalance  current  corresponding  to  sero  preesure 
was  adjusted  to  about  one-third  th*  anticipated  maximum  unbalance  current. 
Th*  amplitude-modulated  unbalance  signal  was  applied  to  a  reactance  tub* 
mo*  viator,  which  nodulated  the  frequency  of  a  transmitter  in  th*  70-90 
m.  -per-sec  band. 
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The  transmitter  consisted  of  a  Raytheon  CK-5702  reactance  tube* 
a  CK— 5702,  20— me  oscillato.-— doubler,  and  a  CK-5702  4o-mc  buffer— doubler 
driving  an  RCA  5763  80-mc  final  aoplifler.  The  r-f  power  output  was  ajH» 
proximately  three  watts.  A  quarter-wave  vertical  shunt-fed  antenna  was 
used. 

The  receiving  antennas  consisted  of  3-element  vertical  Tagi 
arrays.  The  receivers  were  Navy  Sonobouy  RBF-3's  whose  audio  amplifiers 
were  modified  to  provide  approximately  10  watts  of  a-f  power.  The  10-kc 
signal  was  fed  to  a  full-wave  bridge  comprised  of  1N39  germanium  diodes. 

The  demodulated  signal  was  fed  to  the  recorder  through  a  1,500  cps  low- 
pass  filter. 

The  Viancko  gauges  used  in  the  radio  link  were  calibrated  th 
through  the  entire  radio  telemeter  system.  Linearity  of  the  system  was 
within ±  1  per  cent.  Calibration  signals  were  obtained  by  means  of  relays 
which  shunted  the  bridge  arms  by  suitable  reactances  which  were  chosen  to 
simulate  the  maximum  expected  pressure. 

The  aubcarrier  oscillator,  transmitter,  calibration  box.  and 
battery  power  pack  were  located  in  the  pipe  probe.  Power  was  applied  to 
the  electronic  ays tern  by  relays  actuated  by  the  -15-alnute  oontrol.  and 
the  calibration  relays  were  actuated  by  the  -L-eec  control  signal.  These 
control  signals  supplied  by  Idgerton.  Cermashsuseu.  and  Crier  were  trans¬ 
mitted  from  the  recording  trailer  to  the  pipe  probes  by  means  of  a  5-mile 
length  of  V-ll-B  cable. 

2.5.3  Recorder 


All  Viancko  gauge  data  were  recorded  using  one  Consolidated 
Rngineering  Corporation  type  5-114*3  recording  oscillograph.  The  28-volt 
power  supply  for  the  oscillograph  consisted  of  a  bank  of  five  6-volt 
heavy-duty  lead-acid  storage  batteries.  Recording  was  initiated  by  the 
-1-sec  oontrol  signal  supplied  by  Idgerton.  Ceraeshauscn.  and  Crier. 

Consolidated  Rngineering  Corporation  type  7-22}  galvanometers 
were  used  to  record  the  output  of  the  wire-link  system.  These  galvanometers 
have  a  flat  (  ±  5  per  cant)  frequency  response  from  0  to  500  cps.  The  output 
of  the  radio  telemetering  system  was  recorded  by  Consolidated  Rngineering 
Corporation  type  7*226  galvanometers  having  a  flat  (14  per  cent)  frequency 
response  from  0  to  3000  cps  and  were  80  per  cant  critically  damped. 

To  realise  the  higher  frequency  response  inherent  in  the  radio- 
telemeter  system  a  recording  speed  of  75  in. /sec  was  chosen.  The  record¬ 
ing  medium  was  Kodak  Linagraph  Ortho  film. 
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Critique  of  Date-Transml » ■  Ion  Systems 


field  Wire  i  ^1^ra>ati!rtrTf*^“,i0n  878 1*°  “Ploying  copper-steel 
a  *  ?  J»o^«d  reliable  and  practical  although  somewhat  lialt- 

**  ^*<lu«ncy  reepcnae.  The  cross-talk  problem  from  a  total  of  aa  many 
buried  in  *He  same  trench  was  insignif leant.  The  use  of  field 
5  Pr°CUred  froB  the  "il^ary  aerrlces.  had  the  advantages 

were^^ht1^^*0^"7*  “®chanical  strength.  Splices  and  terminations 
?**•?*  ^  Th8r#f°re  «njr  lineman*  a  crew  could  lay  the  5-mile 

lengths  of  wire*  and  field  terminations  could  he  rapidly  and  effloiently 

C°n44tion8  *<*out  special  equipment  or  techniques. 
Traffic,  the  blast  mare,  dust-control  sprinkling,  and  weather  proved  to  be 

bM‘iId1iULh?*Jrt4.tS  Wir®  iince  the  “°at  ▼ttlaareble  portions  were 
fS*  f*®!, !SW  th#  ,UPface*  farther  investigation  of  methods 

oarrier  on  field  wire  will  probably 

result  in  considerable  improvement  of  the  300-ops  resolution  limit. 

in  tM.  ^STT******  t*l8B,#t*ria«*  despite  the  mediocre  showing 
in  this  project,  deserves  some  consideration.  The  system  employed  re- 

qjired  on  control  line  to  each  transmitter  for  turn-on  and  calibration. 

»ren  when  using  this  system,  but  especially  when  using  an  all  r-f  setup 

yoceirer) ,  minimum  preparation 

would  be  required  to  instrument  a  test.  End  instrument-transmitter  packages 
could  be  placed  in  the  test  area  as  late  as  one  day  prior  to  the  test, 
used,  recovered,  and  stored  for  the  next  test. 

....  .  However,  it  is  doubtful  that  any  atomic  test  will  take  place 
without  last-minute  unforeseeable  radio  interference  that  would  seriously 
iapalr  the  reliability  of  a  r-f  system.  Unless  considerable  attention 
is  given  to  the  problem  of  radio  interference,  the  full  advantage  of  a 
radio-telemetered  system  with  respect  to  mobility  and  economy  of  time,  ex¬ 
pense,  and  personnel  oan  not  be  realised. 


SUCTION  3 


RESULTS  AND  CONCLUSIONS 


3.1  DATA  OBTAINED 

Pressure- tine-distance  data  for  surface  and  underground  shots  are 
presented  in  Tables  3.1  and  3 .2.  Peak  overpressure,  time  of  arrival, 
and  positive  phase  duration  are  plotted  against  distance  from  ground 
sero  in  figures  3.2,  3.3  and  3*4.  Pres sure- time  waveforms  for  the  sur¬ 
face  and  underground  shots  are  summarized  in  figures  3*3  and  3*6. 

Tables  3*3  and  3*4  contain  indenter  diameter  data  for  the  surface 
and  underground  shots.  It  is  not  necessary  to  rationalize  indent- 
diameter  with  overpressure  by  determining  the  force  constant  for  rapid 
rise  tine  phenomena.  The  tabulation  of  diameters  is  sufficient  to 
Indicate  that  the  measured  phenomenon  (regardless  of  its  components) 
shows  a  marked  symmetry,  from  analysis  of  the  variants  it  is  apparent 
that  the  symmetry  of  the  measured  phenomenon  is  greater  than  the  pre¬ 
cision  of  the  measuring  system. 
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Pressure-Tima-Distance  Data.  Surface  Shot 


Distance 

(ft) 


680 

680(tel) 
920( tel) 
1250 

1250(tel) 

1700 

1700(tel) 

2300 

2300(tel) 

4a00(int) 


Peak  Overpressure  Tine  of  Arrival  Positive  Phase 
(psl)  (nsec)  Duration  (msec) 


17.76 

17.85 

10.80 

7.02 

7.53 

4.07 

4.02 

2.44 

2.64 

0.83 


■>'  *  X  based  on  a  charge  weight  of  2  z  10”  lbs  TUT 
Tel  *  telemeter  link 
Znt  •  interferometer 


TABLE  3.2 

Pressure-Time-Distance  Data.  Under 


Peak  Overpreesure  Time  of  Arrival  Positive  Phase 
(pel)  (msec)  Duration  (msec) 


50° 

680 

680 

920 

920 

1250 

1250 

1700 

1700(tel) 

2300 

3100 


32.39 
13.57 

14.39 
9.90 

10.09 

7.30 

7.07 

4.95 

5.20 

3.04 

3.47 

2.14 

1.70 


*\based  on  a  oharge  weight  of  2  z  10^  lbs  TUT 
Tel  *  telemeter  link 


16 


Distance  (ft) 

Fig.  3.2  Peak  Overpressure  vs  Distance  (Lines  connecting  data 
points  are  arbitrary.) 


Ground  acceleration  nay  bare  introduced  a  systematic  error  into  all 
readings  of  indenter  gauges.  However,  a  K-f actor  (force  oonstant)  of  30 
psi/ma*  oaa  be  derived  from  surface  shot  indenter  data  and  the  1,700-ft 
peak  air  pressure,  as  measured  ty  the  Vianckn  system.  This  same  E- factor 
applied  to  the  underground  data  resulted  In  agreement  between  indenter 
and  Viancko  data  at  1,230  feet,  where  ground  accelerations  were  higher. 
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3.2  COHCLPSIONS 

It  is  apparent  from  the  pressure-tine  curves  for  Doth  underground 
and  surface  shots  that  the  shape  of  the  shock  ware  conforms  generally 
to  the  classic  form  as  described  in  The  Effects  of  Atonic  Weapons.* 

The  system  (including  data  reduction)  permitted  time  resolution  to 
0.3  msec.  Within  this  limitation  the  pressure  discontinuity  at  the  shock 
front  appears  instantaneous  in  most  instances.  * 

Pressure-distance  data  were  within  10  per  cent  of  anticipated 
ralues,  based  on  Stanford  Research  Institute  extrapolations  from  sealed 
TIT  blasts  at  DUOWAI  and  early  JASGLB  testa.**  Extrapolation  of  air 
shock  data  from  surface  and  underground  TIT  tests  appears  valid  for 
surface  and  underground  atomic  blasts. 


*  The  Effects  of  Atomic  Weapons.  Section  3.11(  Los  Alamos  Seientifio 
Laboratory.  U.  S.  Government  Printing  Office.  1930. 

*  Por  a  discussion  risetime  phenomena  from  other  atomic  blasts  see 
Hurphqy.  B.  ?..  Operation  POSTER  -  Some  Measurements  of  Overpressure 
Time  vs  Distance  for  Alrburst  Bombs.  Sandia  Corporation  report  So. 
SC-2142  (tr)  (to  be  published). 

**  Doll.  E.  B.  Interim  Report  -  Part  II  HE  tests  -  Operation  JAEOLE, 
Stanford  Research  Institute.  October  1951,  Pigs.  5  and  6. 
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